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Abstract 
This thesis proposes a re-conceptualisation of engineering practice that moves towards 
responding to the nature of our 21st Century (21C) predicament – the dynamic, turbulent, 
labyrinthine flux which has developed through the inhabitation of modern humanity in our 
open living world. 
It describes a philosophy and practices to achieve this. Key concepts are the context within 
which practice takes place and an integrated approach at the system level. Together these 
principles promote processes and practices that can design life situations which are more 
desirable and feasible, not only for humanity but to strengthen our natural environment. This 
is active adaptive planning; it changes practitioners’ relationship with the world by 
providing spaces where the agenda is not “driven” by the “push” of the past but elicits the 
“pull” of future intentions. Using these approaches people are engaged collectively in 
processes that re-connect with context taking into account the relevant uncertainties across 
what are often articulated as “different” systems (e.g. social, environmental, technical) and 
between past, present, future. Further, it works the loops – performing ontological politics 
that is linking and knotting what emerges from these processes with all the potential 
stakeholders, mobilising resources, peers, allies and the public. 
The thesis identifies links between Socio-Technical Systems, Actor-Network Theory and 
process philosophy. This extends Actor-Network Theory which has already removed those 
intellectual constructs that disarticulated reality, focusing attention on practise, movement, 
the making and remaking of reality, or net-work-ing with the complex heterogeneous nature 
of agency. It envisages practitioners having an epistemology and ontology that is formed 
through being “out-and-about” in the world, making “translations”. 
Through embedding these ideas in the way engineers learn and in the processes that they 
use, engineering becomes a “putting through”, manoeuvring, dissolving boundaries, always 
being in action, moving towards sustaining with others, while recognising purpose, 
congruence and transforming as emergent properties. Through purposive imag(in)ing of 
different ways of sustainable doing and being integration can occur, reframing across 
methodology, epistemology, ontology and philosophy.  
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1 Introducing This Research and Thesis   
This research and thesis is about engineering. The philosophy articulated here emerges from 
an understanding of the nature of our predicament. Through this understanding a practise is 
articulated that is congruent with this philosophy. Practitioners who adopt this philosophy-in-
action can potentially create spaces where sustaining futures can be envisaged and created. 
This chapter begins with an example of an individual grappling with a list of questions raised 
when considering aspects of sustainability. This provides an exemplar of the complexities of 
personal choices and raises the question of how to respond? With this in mind some of the 
principles of my research and the effects on this thesis for you as the reader, that is, what 
you will find as well as what not to expect,  are described.  
An exposé of significant research questions is presented. These form an inquiry into the 
nature of our predicament, collective goals, the role of engineering and philosophy; 
providing a guide to framing4 and methodology. A description of how all this plays out in the 
chapters of this thesis is then provided. 
To introduce this thesis some thoughts about our current context particularly in relation to 
sustaining futures are now presented. 
1.1 Choices, choices, choices 
It is not easy for individuals to make good choices about how to “do” sustainability and even 
more difficult is the idea of “being sustaining”, even for those who are aware of some 
choices and who have developed some basis upon which to make these. As Hutchison (2006) 
asks in her article in The Age for World Environment Day: ‘Should I go solar or wind? What 
about GM-free, chemical-free or free-range? Are they better than CFC-free, triple-A rated or 
energy-efficient? ...’ 
So with all these choices and the complex inter-relatedness, how do we choose good 
sustaining answers, ones that will become real? What are we trying to sustain? These are not 
just personal questions but ones for professions, for organisations, governments, 
communities and families. 
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I contend that dealing with these issues separately without some sort of “integral calculus” is a 
recipe for failure, but where does this come from? I don’t believe that it can be imposed; 
rather it needs to emerge and not just individually but also collectively.  
We need to transform in order to deal with our predicament but -- 
‘transformation happens less by arguing cogently for something new than by 
generating active, ongoing practices that shift a culture’s experience of reality’ 
(Zander & Zander, 2000, p.4). 
This thesis spells out practice that can transform the way practitioners engage with their 
realities. It contends that for those that lead, congruence between philosophy, practice and 
purpose is required.  
1.2 About this thesis 
This thesis varies in the use of the personal pronoun, as I am intimately part of the world and 
the research. I don’t stand apart from it. I am in it and of it. I have both a subjective and 
objective relationship with our world and this research. This is particularly important as it is 
this intimacy that has stimulated me to develop my thesis and my conceptualisations. You will 
notice that the earlier inquiry is a subjective one as well as an objective one. My writing must 
reflect this worldly subjective-objective relationship – writing in an objective style alone does 
not suit this thesis. There are reflexive sections included (in this font) that are an essential 
part of sustaining practice. As reflexive implies an “agent’s action upon himself” (OED), this is 
consistent with my intention of displaying self-awareness of process and practice The thesis in 
this way (and others) actualises the practice (and philosophy) being recommended. These 
reflexions though do articulate (some of) my position and thus form some part of the substance 
of my argument. As a consequence distinguishing between these two types of text has been 
difficult, generally where I use the personal pronoun I have used this font. 
Others have expressed the validity of reflective practice generally (Schön, 1983, Moustakas, 
1990) and in particular, for engineering practitioners when dealing with sustainability 
(Bryce, Johnston & Yasukawa, 2004, Carew, 2004, Moriarty 2008). In the re-conceptualised 
engineering proposed here, it is important that engineers see themselves in and of the world 
that they are affecting.  
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I am also attempting to outline an alternative ethical stance in this thesis, one which takes 
seriously humanity and our living blue-green earth.  
To continue this work when there is a crisis looming calls for passion (Foreman, 1991). This 
call though does not just come from environmentalists, it is also appearing in the work of 
theoretical physicists such as Nicolescu (2002) who recommends the inclusion of feelings in 
transdisciplinary knowledge. This trend is expected to continue as we grapple with what to 
do.    
This thesis has an empirical, ‘(b)ased, acting, on observation & experiment’ (OED) 
grounding: in researching for the pieces extensive data was “gathered up”, all of which are 
loosely connected and partial. In articulating this there is a fine balance between showing a 
complex, messy picture – the reality of the many potential threads of arguments and the 
interconnections – and any position which simplifies, even to the risk of being simplistic.  
With each empirical piece though this loosely connected and partial data was gathered, 
theoretical and cognitive threads are articulated and contingent propositions abstracted.  
These cycles continued four times: with the rhizomic form ‘and…and…and’ which Deleuze 
and Guattari (1988) describe as ‘stammering…placing…elements in variation…’ Through 
the ‘multiple conjoinings and connections made possible by desiring production’, where 
‘meaning is mobilised’ (Usher, 2010). 
Or in more traditional language my contingent position(s) became more articulated as I worked 
with purpose. Even though I do not offer you my complete position at the beginning it will 
become clear that I do have and am taking up a position: this will emerge as the narrative 
unfolds. With these emerging connections across this grounded research and the “parts” of my 
thesis5 I was able to speak more distinctly and more “truthfully” about reality. 
As a consequence the ‘form’ is unusual for a thesis. It has been suggested that the writing of 
Deleuze and Guattari in A Thousand Plateaus, that is, an immersive experience in a plateau 
of ideas, is indicative of this form. The work of Whitehead particularly in Process and 
Reality where he works around or circumscribes several of his difficult ideas beginning and 
ending in different places is another ‘model’ proposed for the type of writing used here. It 
was though not my intent to ‘follow’ any of these forms/models, it was more to create a form 
 - 4 -  
that is congruent with my approach6. To be able to ‘form’ this thesis it was necessary to stop 
the research into new ideas and modes in 2008: material beyond this time is sparse. 
Its non-conventional form does not make for an easy read. Indeed some readers have noted 
that it has taken several readings before the ‘spirit’ takes shape: it is this ‘spirit’ that I have 
held on to in the many iterations as it is this that I wanted to elicit.  
Now to my research questions … 
1.3 What is the nature of our world in the 21C? 
The world that I know is in process. It is -- 
‘like a game where the rules change and nobody tells you that they have changed. Just 
say, for example, that you were part of a game of rugby where only passing back was 
allowed, and then a minute later you were only allowed to pass forward; not only did the 
rules change but no one tells you; you have to abstract it from the play and the referee. 
I would extend this metaphor to argue that the shape of the field may also change – the 
goal posts might now be much closer than you expected and seconds later the individual 
posts might be closer together and collectively further away; your depth perception is 
challenged – what seemed far away a microsecond ago may be right up close and 
personal now and the players may shape-shift too. New “players” may enter the play 
without warning, you may end up in a totally new environment and others may see this 
game quite differently.  
The way that you respond to this interaction will of course change the way things 
unfold, but this is not immediately apparent as you (and others, both human and non-
human) act. But also, in the past the rules may have stayed constant just long enough 
for you to think that they are fixed and now you are faced with the prospect that 
everything is potentially changing. And there is no escaping – you are in it, and of it’ 
(Goricanec, 2007, pp.1-2). 
How do we “know” the rules and is “knowing” enough? How to participate in a game like 
this successfully, especially when trying to create sustaining futures?  
Theorists (Emery, 1973a; Gleick, 1988; Mitchell Waldrop, 1992; Prigogine & Stengers, 
1984) recognise this dynamic, turbulent or even chaotic7 nature in our One World (Singer, 
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2002). It is this recognition that has informed the theoretical and practical stances taken in 
this thesis. For the purposes of this introduction, this nature is briefly described here as it is a 
very important concept that underpins this philosophy.  
Returning now to the metaphor of the “game” – in this, space and time become quite 
different. Space is not just about what is immediately around you – for when you drink 
coffee in a café in Melbourne it may mean that a very large quantity of water has been used 
in East Timor or Brazil to grow the beans and in rural Australia to produce milk – this 
becomes “virtual” in the coffee beans and the milk together with the “embodied” energy 
from the transport, the heating of the liquor and the frothing of the milk. All of these will 
have an effect on future generations. 
Eno (2000, p.1) talks of the Long Now and the Big Here – he speaks passionately about  the 
first concept in these words extracted from his paper: ‘“Now” is never just a moment. The 
Long Now is the recognition that the precise moment you’re in grows out of the past and is a 
seed for the future.’ Another theme is the Big Here, in the same way that ‘Now is never just a 
moment’, we could say – “Here is never just this room”. He is calling for ‘(n)ot a very local 
attitude to space’ (ibid) and that we shift to a way of thinking where we are ‘unable to lock a 
door behind us and pretend the rest of the world is just “outside”’ (ibid). By way of example, 
if we think about the “Outback” and how its lack of people makes it seem right for it to be 
mined and exploited it doesn’t matter that the ecology, the atmosphere, and waterways are 
totally connected globally. In this context the whole and all that implies matters in our 
thinking and doing.  
We also live and act locally in daily life. The effects of our acting may occur remotely as we 
know and feel that we are connected to, and part of, global networks (Introduction to 
Brouwer & Mulder, 2004). We have diversity in the ‘production of locality’ – community, 
economy, law, within our local environments (Appadurai, 2004). We must learn to live with 
both (at least – there are even more spatial variations e.g. regional and network) – some 
things are “common” – atmosphere, oceans, fish, water and some things are “ours” – 
individually or “owned” by community, governments, organisations. The understanding of 
the relationships between these things is shifting as we come to more deeply know the long-
term effects of our ways of living. 
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1.4 How did this come to be?  
The world has and always will be an open system in process – a living eco-system. However, 
ways of thinking that have emerged from the Enlightenment (beginning say with Descartes 
or maybe Newton) have informed the philosophy or set of values embedded in practice. 
These practices separate out parts, deal with each, immobilising to research and develop, 
ignoring what can be called “externalities”, the connections to other things. These ideas have 
over this 300+ year period been changing leading to finer and finer fragmentation, becoming 
more deeply embedded. Using variations on this set of ideas systems, networks, processes 
and organisations have been designed, developed and disseminated by separating out and 
immobilising without much thought for inherent interdependencies. These approaches are 
not “bad” in of themselves but they have been applied to all sorts of “problems” which have 
high levels of interdependency. 
Engineering is a part of this – it can be seen as working with the things that can be 
controlled. In this way it has attempted to control the forces of nature (e.g. damming water, 
controlling its flow, supplying for personal, industrial and agricultural uses, building whole 
cities to have large numbers of people live in close quarters and be “on” 24 hours a day, 7 
days a week, developing technology to travel fast, as well as networks and devices to 
communicate, over long distances) so that we can inhabit this world with much material 
benefit and “progress” while feeling relatively “secure”.  
Effects have emerged from these complexly interdependent systems, networks, processes 
and organisations operating (often continuously) together (that is at the same time and in the 
same space partially), as well as interacting with natural cycles over this period.  For 
example taking the complex interactions between “normal” global heating and cooling cycles 
(daily, yearly, the changes in the sun’s position, the circulation of the thermohaline conveyor, 
as well as earthquakes and fires lit by lightning strikes) and the patterns of our habitation, 
which includes energy use, agriculture and social behaviour; much evidence has been 
gathered that this interpenetration has generated Green House Gases (GHG) that are 
changing the atmosphere with rapid warming of the planet.  
There is also the issue of the design of sub-systems without appropriate consideration of 
interdependencies. Two simple examples of this system sub-system interdependency are; 
firstly, telephones that are designed to rely on the local power supply. When the power fails 
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so does the communication channel. Secondly, at a larger scale – when terrorists attack or 
bushfires bring down high-tension power lines there can be nationwide effects with distant 
cities turned “off”, including food and water supplies. The sub-systems in these examples 
have been designed on the basis of an understanding of risk. The chances of these events 
occuring and impacting on the human-designed system within which they operate, let alone 
the living eco-system are weighed against the costs of their occurrence. The interactions and 
interdependencies being discussed here are above and beyond the systems, networks, 
processes and organisations that created them; no one or thing bears responsibility for these.  
1.5 Questions of response 
Responding to this is perplexing and “tricky” as we are for example embedded in and 
habituated to our ways of being in the world; we don’t necessarily recognise that we are 
deeply (inter) dependent on other life forms, including our world for our lives. For example 
in trying to respond to issues individuals tend to follow a particular discipline view into one 
or a few of the many possible directions, weighing up the “good” and the “bad” seeking 
objective, tangible answers. It should be noted also that this theme of separation inherent in 
the set of ideas spawned by the Enlightenment extends right down into society with the 
notion of many separate individuals. When we consider notions of response we also need to 
consider who is and will be responsible when society is considered as a collection of 
individuals. In the light of this it can be seen that it is not easy to “break-out” or “escape” – 
for we are stuck in Plato’s “cave” seeing the shadows on the wall. 
In One World human ethics are described as emerging ‘when we started using our reasoning 
abilities to justify our behaviour to other members of our group’. The author goes on to say 
that if through the use of our communication and other technologies our group is now global, 
that is, we are a newly ‘interdependent global society’ then we need to ‘justify our behaviour 
to the whole world’ (Singer, 2002, pp.14-15). It is not good enough now to only look to 
individual interest, community interest, national interest or business interest; there is a global 
interest that must be considered also.  
Eno also talks about the difficulty we have in doing anything if we realise that our actions 
have distant consequences. For example, building objects like big dams and open water 
channels for continuous water supply seemed to make sense during the 1900s but with 
prolonged drought in Australia and looming changes in climate, large tracts of exposed water 
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that evaporate with the energy of the sun seem untenable (Prosser et al, 2001, Mitchell, 
2004).  
Scientists are confirming early indications about the impact of our activities, in the past, now 
and in the future, on the world – the atmosphere, water, soils – all the natural ecosystem 
services on which we rely. These facts are being constructed and re-constructed as the 
science expands, deepens and transforms. It is not that we don’t need science; indeed we do. 
We need natural science to understand such issues as climate change and whether humans 
are causing global warming, but simply understanding is not enough. What we do need is for 
the facts of the natural and social sciences to be understood and performed or carried into 
effect in context. Eno though goes on to describe how others have managed to bring about 
conscious change despite this recognition. As the engineering philosopher Gabor (1963, 
p.18) has said ‘the future cannot be predicted, but futures can be invented’.  
Secondly, in “the game” a dynamic environment or context is evoked that is generative, new 
realities are constantly created. When we ‘end up in a totally different environment’ it may 
mean that a complete transformation has occurred in the way that people are thinking about 
sustainability. It may mean that they have a more ‘complex unity of feeling’ (Sherburne, 
1966) about what to do, how this connects to the past, the present and the future and what it 
means in all spatial and other dimensions. 
Thirdly, what makes sense at one time may not make sense later. For, as Checkland and 
Holwell (1998, p.22) describe -- 
‘social reality – what counts as ‘fact’ about the social world – is continually being 
constructed and re-constructed in dialogue and discourse among human beings, and 
in action which they take. Researching social reality then becomes an organised 
discovery of how human agents make sense of their perceived worlds, and how these 
perceptions change over time and differ from one person to another’.  
A different relationship to reality is described by Law (2004), one that is multiple and 
created where these multiple created realities are very uncertain and where ‘enactment, flux 
and resonance’ are qualities of the real. Now we have also to consider that we have the 
interplay between these many realities. 
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Law (ibid) also goes on to consider what to do with this and poses this process as puzzle 
solving. However, puzzles don’t provide a good metaphor as they elicit the sense that all the 
pieces are going to fit together or that there is going to be some clear solution (we know for 
example that jig-saw puzzles and Rubik’s cubes can be completed). Rubik’s cubes though 
are useful for thinking about interconnected things, for changing a corner changes all the 
sides – all the relationships change. Even more robust are the ‘loosely coupled systems’ of 
engineers (Law, 2004) and in social network theory the dense knitting of ‘weak ties’ 
(Granovetter, 1973) that provides strength, than those that display a single and definite logic 
like the Rubik’s cube.  
1.6 The predicament 
The nature of our predicament is labyrinthine, that is multicursal, there are many paths and 
many are “dead-ends”. It is also dynamic with the attributes of turbulence. Our systems, 
networks, processes and organisations, developed with a causal logic, have become deeply 
enmeshed in a veritable ‘cats-cradle of interconnections’ as Haldane the Executive Director 
of Financial Stability for the Bank of England has said (2009, p.2), with behaviour ‘driven by 
interactions between optimising, but confused, agents’ (ibid).  
This then is the predicament. Not only do we not always recognise the living eco-system in 
our practice, or that a different class of response is required for this situation that is emerging 
nor even recognise its nature and further no one or thing is responsible for these responses.  
1.7 Some early thoughts on my response 
Earlier I have described my relationship to reality as more like the metaphor of a game where 
the rules change without announcement and space and time are flexible. The type of metaphor 
that we use is important, as metaphors ‘are constructs that bridge the subjective and objective 
worlds…not just a vehicle for creating meaning’ (Young et al, 2004, p.12). Metaphors can help us 
to a more multiple and contingent logic. Choice of good metaphors can aid in communicating and 
exchanging meaning -- ‘multiple metaphors can reflect the richness and depth that a variety of 
perspectives can bring to understanding a complex, abstract, flexible concept like sustainability’ 
(Carew & Mitchell, 2006, p.376). 
To solve the sorts of 21C problems that are arising in our world a Newtonian view of the 
world is no longer adequate. It has now become important -- ‘to abstract from the total flux 
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of change and movement a new set of relative invariants along with their properties, and the 
laws that they satisfy’ (Emery, 1993a, p.81).  
The very definition of environment (or nature) as a separate entity – that humans 
(individually and collectively) can be seen as separate from nature – has long been part of the 
problem rather than the solution. Instead Latour (1999a, p.22) describes ‘a whole package … 
of incommensurate aspects … one single predicament, which no matter how tangled, has to 
be tackled at once’. 
The idea then is not to pull the pieces apart and try to deal with them separately but to work 
with this ‘whole package’, our single predicament. This though is not just an epistemological 
settlement but more a way of being in the world. 
I also recognise that this idea of working with the whole package is an extraordinarily difficult 
idea – I have needed and will continue to need quite different practices to deal with our one 
world ‘all at once’. This thesis aims to articulate these practices. Further, it will be necessary to 
let go of ‘habitual ideas’ that keep things separate – I will need to inhabit the world differently. 
This thesis also aims to “show” in the empirical pieces how I have inhabited the world 
differently as well in the presentation of the thesis provide modelling of the practices that 
need to be employed.  
When the term environment is used in this thesis it includes everything – our what is often 
called “natural” environment and our “social” environment. I recognise though that others 
still use these distinctions and so I will continue to use these tags. 
The nature of our predicament and responses will be later explored further in Chapters Four 
and Five. First,  we move on to engineering and philosophy. 
1.8 A crucial argument about engineering 
Engineers Australia (EA) describe mastery of science, technology and the technical as the 
“core” competency of modern engineering (2003; 2007). In Adler’s work he describes 
science as giving us mastery of external conditions but no advice about how to control the 
power we have (Adler, 1940). This use of the word science conflates technology and the 
technical, but all three are necessary in our consideration of the means of powerfully 
controlling our external conditions.  
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In the same book, this author describes philosophy as giving us direction, pointing out goals, 
the things we should see, giving us standards to control our use of means – our science, our 
technology and our techniques. More recently this re-casting of emphasis is occurring within 
engineering. Moriarty (2008) calls for a change of perspective from looking at our products 
in a local and limited sense to looking at them from the perspective of social justice and 
environmental sustainability. This then is a re-casting of practice from an engineering of 
modernist scientists, technologists and technicians to mindful, conscious practitioners in a 
broader context (Moriarty, 2000). Although the engineers of this conception are mindful and 
conscious, they are still not asked to work for collective goals. 
Further in Moriarty’s earlier writing he articulates deliberation in respect of a person, 
whereas it is better described as a process. It requires more than one person to ‘arrive at 
proper conclusions’ especially if these individuals are independently considering some thing. 
The US National Research Council (NRC) in ‘considering how to improve decisions about 
risks’ (Stern & Fineberg, 1996, p.ix) from the use of science, technology and techniques 
developed another version of deliberation; ‘any process for communication and for raising 
and collectively considering issues’ (Stern & Fineberg, 1996, p.215). This articulation moves 
the goals from (many) individual ones to collective ones, an important shift and one for 
which we will need methods that ensure that collective understandings are reached early. 
There are no definite answers ‘out-there’ to be ‘found’ when creating sustaining futures, 
instead they need to be created and connected. How do we create sustaining futures in this 
moving feast of possibilities that are congruent with collective goals? And how do we 
engineer, that is translate our science, our technology and our techniques for this purpose? 
The NRC have described a process of ‘research informed by deliberation’ and ‘deliberation 
informed by research’, that meets this need to ensure the science is congruent with collective 
goals (ibid). This argument is for science but also applies, and more so, to engineering as this 
includes technology, techniques, innovations and more. In this way, decisions are not made 
up-front about what is in the research, as deliberation allows open communication about 
what is important for the deliberators; the role of the experts is to bring their specialist 
knowledge to the process rather than to say what is important or not. The research that is 
done answers the questions raised by the deliberation – providing evidence to support the 
proposals; this then becomes a process of informed choices. 
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Unfortunately, like many ‘good’ ideas that aim to resolve the issues that we have, this is not 
what is found in practice. This is my first example of this problem: clearly articulated 
approaches from academics and thought leaders that are not regularly practised. This leads to 
the next section on philosophy.   
1.9 Philosophical thoughts 
In general, philosophy attempts to understand ‘ultimate reality’ (OED). Academics including 
many philosophers have described their understandings of reality; some like Aristotle, 
Newton and Descartes have had a profound effect on the way we think about the world, but 
the theories and models that have been derived from their work, do not adequately grapple 
with the dynamic complexity of reality as their nature is to simplify and ‘fix’, to better 
understand some aspect. My research  explicitly calls on my experiences of actual practice as 
the material from which to abduct positions rather than relying solely on academic 
approaches.  
My desire for doing this research and writing this thesis, as already expressed, was and is to 
speak more truthfully about reality but as social and environmental reality is continually 
changing this is unlikely to be ‘ultimate’. In the same way as these other theorists, I could be 
constrained by the simplification of these approaches, but my intention is to ameliorate these 
constraints by calling on many different theoretical discourses…applying them to different 
contexts8.  
This thesis aims to answer the question what does all this mean for engineering? There is 
unlikely to be a definite answer, though through an understanding of the nature of our 
predicament, I have articulated practices that potentially create sustaining futures, 
collectively.  So again this thesis is non-traditional as there is no definitive logic or logics. I 
have tried to ‘be adequate to the richness and many-sidedness of reality’ including its dynamics 
but it may not ‘always be neat and clear’ (Birch, 1990, p.xi). 
1.10  Framing  Methodology 
‘Framing’ is used purposefully for its distinctive relation to activity and life unlike the more 
common ‘framework’ which has the sense of a more-or-less static, dead material thing. This 
framing4 and the logic of my chosen methods of this thesis and research have emerged partially 
from an understanding of the nature of our predicament; the emergence of this approach is an 
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important distinction to which we will return. Unlike most engineering theses, this one is not 
about the means to achieve specific goals – what things we need to do to solve a particular 
problem, or to refine the structure of the existing paradigm of engineering where the latter 
refers to ways of seeing, methods of inquiry, beliefs, ideas, values, and attitudes that influence 
the conduct of inquiry (Kuhn, 1962).  
If our intention is to generate sustaining futures then the power that we have needs to be 
controlled so that these emerge. In this respect it is a functional change, a realignment of the 
whole engineering system which cannot be done within the frame of reference of the 
discipline. Various authors, such as Bateson, the anthropologist (1972b) and before him 
Godel, the mathematician (as described in Smullyan, 1992) and even Einstein in the quote 
attributed to him ‘(w)e can’t solve problems by using the same kind of thinking we used 
when we created them’ recognised that re-conceptualisation cannot be done within the 
existing frame of reference; it requires logic and practices from outside the existing system. 
This research has required calling on other logics outside of engineering or ‘a corrective 
change in the system of sets of alternatives from which choice is made’ (Bateson, 1972b, 
p.293).  
1.10.1 Method assemblage 
Again it should be noted that puzzle-solving commonly means something that is solvable, 
but for many complex problems all we can do is move forward as they are often wickedly 
interconnected with incomplete and/or contradictory requirements. Further, the range of 
stakeholders will likely have very different views of the “problem” and will tend to change 
their minds with emerging circumstances. The “problem definition” may not be agreed until 
a solution is formulated and attempts to solve these types of problems typically cause further 
ramifications. The wickedness of some problems, better called predicaments has been 
recognised not only by design practitioners (Conklin, 2001; 2003; Rittel, 1972; Rittel & 
Webber, 1973) but also by the Australian Public Service Commission (2007) which sees this 
conception as providing some insight for the contemporary challenge of public policy.  
An even more radical stance to the nature of our world is that of Law (2004) where he 
describes the social as generative flux that creates realities. This then requires of us to 
explore this generative flux, to understand the type of research methodologies that could deal 
with this socially and naturally created flux. 
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In the conception developed in this thesis the researcher is an active participant in the 
research as per both the ‘engaging strategies’ for social research described in Beyond Method 
(Morgan, 1983) and those of feminist scholarship as ‘lived research’ of Beyond Methodology 
(Fonow & Cook, 1991). The researcher, though not only interacts with the research a 
reflexive practice is also required. 
This research could be described as engagement where the process of research ‘involves an 
interaction between the scientist and the object of observation’, and ‘what the scientist 
observes is directly related to the nature of that interaction’ (Morgan, 1983, Introduction). 
Morgan says that the rationale for a (social) research strategy relies on the researcher’s views 
of the world. For him, it is through the lenses of Constitutive Assumptions (Paradigms), 
Epistemological Stance (Metaphors) and Favoured Methodology (Puzzles) that the 
researcher sees and interprets the (social) world. This then, forms a metaphor, or favours an 
epistemological stance, a way of knowing, where certain kinds of insight, understanding and 
explanation are seen to be more appropriate. For Morgan methodologies are puzzle-solving 
devices, they ‘operationalize the network of assumptions embodied in the researcher’s 
paradigm and favoured epistemological stance’ (Morgan, 1983, p.21).  
The rationales above suggest that the researcher’s views are in some ways established. In the 
conception in this thesis though epistemological stances and methodological choices are 
contingent on what is known by the researcher, assumptions that are made as the research 
progresses and what emerges in the process of the research. The way of researching ebing 
articulated here does not focus on the researcher’s views of the world or alternatively trying 
to hold the world still while we research it.  
The initial focus in this research method is on the nature of the predicament, this is an open 
inquiry approach, and in this process combines the researcher’s emerging views as 
knowledge and relationships grow, contingent research methods are chosen, research 
cycle(s) emerge, as well as a growing understanding of the reality we live in. This cycle 
continues – in this thesis four times. The early sections of this thesis provide some initial 
insight into the nature of the predicament that guides my inquiry – “the game” and the ways 
of knowing that emerge from my engagement in the world (not just the social, but the socio-
technical and socio-ecological) and the sorts of methods that connect with the whole. 
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It should be noted that the other disciplines, to which I refer, are also in the process of re-
casting themselves for this context. This thesis may therefore be described by people leading 
in these fields as not going far enough but in engineering there is a long way to go from a 
fairly simple aggregating base to achieving an integrated calculus9. The function of calculus 
is to work with rates of change usually in a small number of dimensions, so what is being 
suggested here is a calculus that expands beyond in radically different ways to deal with both 
tangible and intangible dimensions.  
Philosophy of science provides an example of these re-conceptualisations through the work 
of Bruno Latour (1987; 1999b). In this view of the reality of science (and engineering) 
events in the material world are transformed into scientific knowledge and through this 
process of coming together, reciprocally transform both the material and human worlds 
(including the researcher). It should be remembered that this is a very different science or 
engineering than that which is generally taught about in our curricula or understood in 
research. 
This research and therefore this thesis is novel in its content, its methodology, as well as in 
its way of re-presenting both of these, that is, its modes of communicating – it is more like 
the approach of method assemblage (Law, 2004) – this has emerged from the action of the 
research and the writing of this thesis. 
At this stage in this thesis the method assemblage described which has emerged from my 
professional life and research, is qualitative as it combines searching, empirical work, 
abduction, emergence and action research. 
1.10.2 Searching 
Searching (Emery 1982; 1993a) is a key ingredient of my research processes. Searching with 
our own perceptual system is -- ‘generative thinking or ‘open systems thinking’… about our 
environment and our place in it is a matter of perception, of seeing things more clearly and of 
seeing things in context’ (Emery 1993a, p.66). This thesis is about exploring ways to see 
more clearly in our 21C context. In this way, we can find the ‘new set of relative invariants’, 
‘their properties’ and ‘laws that they satisfy’ (ibid).  
The “alternative, contextually relevant” model of engineering sought here is not a system 
that already exists, it has to be created. As part of this alternative model, engineering is re-
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cast as manoeuvring or alternatively performing, rather than its modernist technical or 
technologist form or traditional skills form (Moriarty, 2000). We ‘perform’ engineering – 
like actors on stage perform into being the ‘scenes’ through the costumes, set, script, acting 
etc – engineers, (together with all the human and non-human resources) perform the future 
into being. 
There are three major empirical pieces included in this thesis: 
• Experiences at sustainability conferences – as part of research practice it is normal 
to attend conferences. This is important as in these contemporary settings it is 
possible to see how sustainability is being addressed.  
• Observations of an innovation process from public documents – water was 
consciously chosen as it is a critical contemporary issue in sustainability as well as 
being relevant to engineering.  
• The initiation, gestation, birth, the first year and arrested development of a 
Postgraduate Program in Sustainability (PPS). This was a directed, concerted, 
conscious effort to respond to the emerging crisis in sustainability for professionals, 
particularly engineers. This met the demanding dimensions of my research; 
inside:outside i.e. a program in context and subjective:objective i.e. student’s practice 
requiring content and reflection.  
1.10.3 Abduction 
The third component of my assembly of methods is abduction, it was defined by the 
semiotician Peirce as ‘the process of forming an explanatory hypothesis’ (1903). It is though 
not clear that these conjectures will successfully explain, either specifically or generally, as 
abduction works ‘primarily as a mode of reasoning from an unknown future state’ (1901, 
cited in Peirce Edition Project, 1998, p.106). Peirce describes abduction as ‘the only logical 
operation which introduces any new idea’, and that it ‘merely suggests that something may 
be’ (Hartshorne & Weiss, 1931, pp.171-172). 
In contrast induction is described as -- 
‘reasoning by inference from particulars toward general conclusions, it always 
unfolds with respect to a set of taken-for-granted knowledge claims about what the 
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world is made of…inductive reason operates on elements that have already been 
conjured as ‘facts’ within the epistemological frame within which the reasoning is 
taking place’ (Helmreich, 2007, p.231). 
Further in Peirce’s writing ‘induction does nothing but determine a value’; ‘induction shows 
that something actually is operative’; and that a ‘suggestion…can be tested by induction’ 
(Hartshorne & Weiss, 1903, pp.171-172). 
Deduction, on the other hand, explicates, ‘proves that something must be’; it ‘merely evolves 
the necessary consequences of a pure hypothesis’ (ibid). Systems, structures and models 
form ‘logical machines for drawing conclusions, inclusions and exclusions from grounding 
theories and principles, they can be imagined as deductive apparatuses’ with logical 
deduction functioning to induct some “things” into the systems’ accounts while deducing 
others (Helmreich, 2007, p.230).  
Abduction from my empirical pieces is used particularly as a means to introduce new ideas; 
an example is the initiation of the PPS. Models though are used as ‘deductive apparatuses’, 
and induction is also used. These approaches are not denied but it is abduction that is the 
emphasis of this thesis as it is required for regulating future conduct rationally. 
1.10.4 Emergence 
Emergence ‘relates to phenomena that arise from and depend on some more basic 
phenomena yet are simultaneously autonomous from that base’ (Bedau & Humphreys, 2008, 
p.1). The movement from low-level rules to higher-level sophistication is what Johnson 
(2001) calls emergence. Emergence occurs in nature – slime moulds, ants, cities – these 
complex adaptive systems display emergent behaviour. 
In this conceptualisation, cities, communities and nations are self-organised complexity -- 
‘an ever changing intricate ballet in which the individual dancers and ensembles all have 
distinctive parts which miraculously reinforce each other and compose an orderly whole’ 
(Johnson, 2001, p.51). This order appears almost despite the actions of engineers, urban 
designers, etc – think here of slum towns on the outskirts of cities, even these have a 
wholeness and order about them. 
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Another example is our world: it has a -- ‘complex, highly differentiated biosphere (that) has 
emerged over billions of years from what was a vastly simpler and much more uniform array 
of life forms’ (Bedau & Humphreys, 2008, p.2). 
These then are living organisms, capable of adaptive change including ‘(t)he collective 
behaviour of human agents’ resulting in emergence of new and novel phenomena. The 
proper characterization of emergence though is still contested (Bedau & Humphreys, 2008).  
Different types of emergence may exist and there may be no unified account; also and more 
importantly for this thesis is that –  
‘the debate about whether or not the whole can be predicted from the properties of the 
parts misses the point. Wholes produce unique combined effects, but many of these 
effects may be co-determined by the context and the interactions between the whole 
and its environment(s)’ (Corning, 2002, p.20).  
 
Diagram 1: Process of Emergence 
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This idea of the whole producing global effects together with the local, individual 
interactions is shown in Diagram 1 from Lewin (1993, p.13).  There are effects in this image 
in both directions and neither is predictive of the other (Young, 2005, p.47). 
For the purposes of this thesis ontological and conceptual novelty has been chosen and in this 
way emergent phenomena are real features of the world – the whole and its context. 
1.10.5 An action research framing 
‘I never act; I am always slightly surprised by what I do. That which acts through me 
is also surprised by what I do, by the chance to mutate, to change, and to bifurcate, 
the chance that I and the circumstances surrounding me offer to that which has been 
invited, recovered, welcomed. Action is not about mastery. It is not a question of a 
hammer and shards, but one of bifurcations, events, circumstances’ (Jullien 1995, 
cited in Latour, 1999b, p.281).  
In the questioning of the nature of our predicament I have begun to describe my Area of 
Concern. In answering this as well as exploring engineering philosophy and philosophy-in-
action some of what can be called a Framework of Ideas has begun to be revealed. Some 
ideas about Methodology have also been exposed. In using Area of Concern, Framework of 
Ideas and Methodology, a generic research model is being followed, as shown in Figure 1.7 
of Information, Systems and Information Systems (Checkland & Holwell, 1998, p.23). This is 
re-presented10 here in Diagram 2 (a). 
An action research cycle model has also been included in Diagram 2 (b) (an extract of Figure 
1.8, Checkland & Holwell, 1998, p.26) as this is appropriate where the field of inquiry is 
complex and organised, that is, where intentions coordinate the behaviour/interactions of 
actors to co-produce future outcomes (Wilden, 1972). It -- ‘emerges as the appropriate 
methodology where there are relatively high degrees of freedom, and the “pull” of intention 
can, and often does, dominate over past → future determinism’ (Young, 2005, p.v). Young 
notes that this is in contradistinction to -- 
‘(t)raditional logical positivism and empiricism (which) emerge as appropriate 
methodologies where the field of inquiry is characterised by relatively restricted 
degrees of freedom, and the “push” of past → future determinism is dominant’ (2005, 
p.5).  
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Diagram 2: (a) Generic Research Model and (b) the Action Research Cycle 
Action research can be placed in a continuum of research approaches (Young, 2005, p.v). 
For these reasons and within the frame of my purposeful research, action research is one of 
the better, more appropriate research approaches. 
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Whilst, Checkland and Holwell say that, in Action Research practice -- ‘the approach 
involves the researcher immersing himself or herself in a human problem situation and 
following it along whatever path it takes as it unfolds over time’ (1998, p.22), with the 
crucial elements in the approach being: ‘a collaborative process between researchers and 
people in the situation; a process of critical inquiry; a focus on social practice and a 
deliberative process of reflective learning’ (ibid), they describe a serious deficiency –  
‘it omits the need for a declared-in-advance intellectual framework of ideas, a 
framework in terms of which what constitutes ‘knowledge’ about the situation 
researched will be defined and expressed’ (ibid).  
This ‘declared-in-advance intellectual framework’ or ‘knowledge’ requires a degree of 
planning – it assumes that the researcher is always thinking about ways to describe their 
ways of thinking to others and how their thinking and approach is appropriate to the nature 
of the situation.  
In my experience declaring in advance your intellectual framework works well when you are 
invited into an organisation to work. For example, in consulting you are expected to declare your 
position in advance of intervention (e.g. through tender processes). It is hard to do so in other 
circumstances particularly when intervening in a predicament where you have no formal status, 
what Heifetz called ‘leadership without authority’ (1994). There arises a complication in 
declaring in advance as for some people this means too much time and too much effort – they 
don’t want to “know” at this level. The amount of declaring required is also a function of the 
other party’s ability to hear and understand. Further, the framing that you enter with can only 
be contingent on your knowledge of the situation. In entering in you learn new things about 
the matter of concern, the organisation and its environment – some of which may not be 
apparent to you or to those that invited you in. 
Declaring in advance is also at odds with the sentiments expressed in the quote from Jullien at 
the beginning of this section. Despite my intentions and my framing thoughts, things act 
through me, things mutate, change with events and circumstances and as I learn. Further who 
can know what (of their knowledge) they will be called upon to engage with in practice.  
Returning to the quote of Checkland and Holwell about the researcher immersing themselves in 
the situation and consistent with my earlier commentary I do not see myself as just following 
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the situation. I am also an actor in the process, I am active, I do not stand-off watching the 
billiard balls, I am on the table within the action.  
 
Diagram 3: Long and Short Cycle Learning 
The basic cycle which is the core of Action Research is shown in Diagram 2 (b), however it 
is necessary to distinguish between the learning of the short and long cycles, as depicted in 
Diagram 3 (this diagram is based on ‘The process of action research’, Checkland & Holwell, 
1998, p.27). The result of short cycles can be expressed as outputs; that is, each short cycle 
produces specific outputs, or changes in the situation. This can be expressed as learning level 
I after Bateson (1972c) or alternatively tactical/operational evaluation. Long cycles can be 
expressed as producing outcomes.  
After the project is finished it produces outcomes for both client and researcher that are the 
result of many iterations of producing outputs or changes. This is strategic evaluation or 
learning level II of Bateson (1972b), sometimes known as ‘Deutero-learning’ (Bateson, 
1942), ‘set learning’ (Harlow, 1949), or ‘learning to learn’ (Bateson, 1972b). Long cycle 
learning provides more deeply understood responses to situations or events. 
1.10.6 More methodology to come… 
In this thesis, all of the framing of ideas and the logic of my methods have not been provided 
conventionally in chapter(s) up-front. This is in keeping with concerns about declaring in 
advance and consistent with understanding and being emerging from experience. It is also 
compatible with the action research methodology indicated in Diagram 2 (a) & (b) together 
with Diagram 3, in that the researcher learns more about the framework of ideas and 
methodology within the context of the action. These ideas and logic have emerged from the 
research, from understanding the nature of the environment and the predicament that we face 
and is thus better placed closer to that understanding and the “action”. Indeed it is often 
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necessary to expand both the framework and the methodology as the nature of the situation 
emerges from the action. Some of these ideas and logic are introduced here but more are 
interspersed throughout the chapters in order to make it more pertinent and accessible 
through placing it where it is better contextualised.  
This then is a form of research that searches anew rather than through the frame of existing 
logics, with my perceptual system seeing things more clearly, seeing things in context. It is 
generative in nature – ‘generative thinking about our environment and our place in it’. It is 
not a research that puzzles images and abstract ideas in my mind or researches an 
accumulated pile of so-called social knowledge (Emery, 1993a, p.66). Some logics though, 
such as action research are open enough to allow their use across the whole. 
1.11 Chapters 
The logic of this method assemblage (e.g. searching, abduction, emergence and action 
research cycles) is reflected in the structure of the thesis. In this section, commentary about 
this logic precedes the discussion of the structure.  
Each chapter ends with a narrative of what emerges from the work – a very short cycle of 
specific outputs or changes of learning that have occurred.  
Five cycles of action research are presented in this thesis – firstly four pairs of empirical-
theoretical sequences: each has an initial portrayal of the experience (whole) followed by the 
cognitive work related to that experience (in parts).  
The five cycles follow a sequence – four short empirical-theoretical cycles and one long-
cycle. Each of these cycles – the very short, the short and the long – shifts the level of 
thinking in the same way that Bateson’s logical categories of learning and communication 
shift their focus: 
Type 0 – ‘specificity of response which – right or wrong – is not subject to 
correction’ (I hope there is not too much of this here). 
Type I – ‘change in specificity of response by correction of errors of choice within a 
set of alternatives’.  
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Type II – ‘a corrective change in the set of alternatives from which choice is made or 
a change in how the sequence of experience is punctuated’.  
Type III – ‘a corrective change in the system of sets of alternatives from which 
choice is made’ (1972b, p.293). 
Following this introductory chapter, there is an excursion, an interlude into modes of 
communicating: this is used to better evoke my thoughts, feelings, what is seen, and how 
these are re-presented in my thesis. This is necessary as this thesis is novel in many ways, 
including the ways it is communicated.  
In the next chapter exploring philosophy answers are sought from three streams of thought 
philosophy of engineering, process philosophy and an object-oriented philosophy.  
The next two chapters form the first short cycle relating to context. The nature of our 
predicament is explored through an articulation of diverse, fragmented responses and the role 
of engineering in this what brings me here? chapter. The high levels of relevant uncertainty 
and complex plurality in this environment are caused by the complex of dynamically 
interconnecting  systems, networks and processes. An alternative conception, is provided in 
the next chapter. The recognition of turbulent texture in our environment, at the same time as 
the need to create effective responses that take into account these reverberations, leads to a 
sense of urgency in responding.  
The next two chapters form the short cycle relating to methodological responses. The chapter 
sustainability as it is practised is an empirical piece and an allegory (‘the art of meaning 
something other and more than what is being said’ (Law, 2006); more on this in the modes of 
communicating interlude) of conventional Sustainability Conferences. This illustrates typical 
conference “practice”. The partner chapter (some) method that transforms engages with the 
issue that emerged from the previous chapter – conventional conferences are not designed to 
open-up or transform. This chapter describes theoretical and methodological explorations 
that bring together, that are more holistic and that are designed to (potentially) transform 
within a turbulent world through an engineering that takes into account relevant uncertainty. 
This chapter includes analysis and thus has a number of streams of thought.  
The next three chapters form a third empirical-theoretical short-cycle relating to 
epistemological responses. The chapter water story explores NSF an innovation in farming 
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practice from the perspective of knowing. This chapter is a different format, almost word-
pictures to describe this more than water story – a story of deep learning. The (some) 
knowing that transforms chapters connect Actor-Network Theory with the issue emerging 
from the water story – getting innovation into mainstream practice. Through these it is 
recognised that high degrees of interconnection between the different aspects of the world, a 
complex plurality, requires different ways of knowing. This theory is explored as 
epistemology – some knowing that transforms and describes the movement in and of the net-
work and relationships to space as a way of helping engineers “put through”.  
The next two chapters form the last short cycle relating to ontological responses. The first 
chapter of this pair, attempts to master sustainable practice, is an empirical piece which 
relates my experiences and experiments, (these words have the same etymological root ‘to 
try out’ (OED)) with the PPS with its multiple and contingent logic through the lens of 
methods and practices of the earlier chapters. The (some) being that transforms chapter 
explores the idea of ontics as entry to ways of being that transform from individual, narrow, 
monocular perspectives to broader, more heterogeneous, transdisciplinary perspectives. 
Through the interaction with all the ‘actants’ (human and non-human actors), following what 
emerges from ‘between’, a different way of being in the world for engineers is articulated.  
The next chapter forms a long cycle that weaves together all that has come before, the need 
for congruence between what we want to do and how we do it, our ways of knowing, and our 
ways of being, that is means and ends. This chapter has been imagined connecting invisibly 
to the whole of the work of the research and thesis through the very short cycles of what 
emerges, the four short empirical-theoretical cycles of contextual, methodological, 
epistemological, ontological, as well as, philosophical responses. The what emerged? chapter 
picks up from earlier chapters, it connects across and between the many streams of thought 
and expands, considering congruence between these, with the last stream describing what 
this research and thesis means for engineering practice. 
The last chapter, a postlude, looks forward to the future of this research with new and 
existing themes. The chapter where to from here? is in the form of many streams of thought 
about what needs to be done for engineering and professional practice more generally. 
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1.12  what emerges? reflecting on emergence 
In this chapter, the notion that we have a predicament has emerged and, if the world is 
understood as dynamic, turbulent, even chaotic, we need different ongoing practices to be able 
to respond effectively. 
To re-iterate, each chapter ends with what emerges. Sections like these describe what 
emerges (and continues to emerge) when the separate components that are being worked 
with interact with my emerging purpose. What emerges is not necessarily in any temporal 
order. This material, to some extent, adds to the previous parts or maybe it multiplies – in the 
sense that knowing can produce more than just the sum of the parts (Bateson, 1972c). 
Specifically, in the more theoretical, cognitive chapters what emerges reflects on what the 
material immediately preceding it (that is, the experiences or experiments) means for 
engineering practice. The overall sequence of cognitive chapters is philosophy, context, 
methods, epistemology and ontology. 
1.13 linking forward  
This thesis is not traditional; it is broad, complex, crosses boundaries and explores in a 
synthetic way. This requires different ways of communicating to those of a traditional 
engineering thesis; text, equations, tables (of information), graphs (of data) and pictures (of 
equipment, sites etc) are not enough. In the next chapter, called an interlude, some different 
modes are described that have been used in this thesis. 
The intent of this coming chapter is to articulate some of the things that cannot be framed 
conventionally. 
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1 Introducing This Research and Thesis   
This research and thesis is about engineering. The philosophy articulated here emerges from 
an understanding of the nature of our predicament. Through this understanding a practise is 
articulated that is congruent with this philosophy. Practitioners who adopt this philosophy-in-
action can potentially create spaces where sustaining futures can be envisaged and created. 
This chapter begins with an example of an individual grappling with a list of questions raised 
when considering aspects of sustainability. This provides an exemplar of the complexities of 
personal choices and raises the question of how to respond? With this in mind some of the 
principles of my research and the effects on this thesis for you as the reader, that is, what 
you will find as well as what not to expect,  are described.  
An exposé of significant research questions is presented. These form an inquiry into the 
nature of our predicament, collective goals, the role of engineering and philosophy; 
providing a guide to framing4 and methodology. A description of how all this plays out in the 
chapters of this thesis is then provided. 
To introduce this thesis some thoughts about our current context particularly in relation to 
sustaining futures are now presented. 
1.1 Choices, choices, choices 
It is not easy for individuals to make good choices about how to “do” sustainability and even 
more difficult is the idea of “being sustaining”, even for those who are aware of some 
choices and who have developed some basis upon which to make these. As Hutchison (2006) 
asks in her article in The Age for World Environment Day: ‘Should I go solar or wind? What 
about GM-free, chemical-free or free-range? Are they better than CFC-free, triple-A rated or 
energy-efficient? ...’ 
So with all these choices and the complex inter-relatedness, how do we choose good 
sustaining answers, ones that will become real? What are we trying to sustain? These are not 
just personal questions but ones for professions, for organisations, governments, 
communities and families. 
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I contend that dealing with these issues separately without some sort of “integral calculus” is a 
recipe for failure, but where does this come from? I don’t believe that it can be imposed; 
rather it needs to emerge and not just individually but also collectively.  
We need to transform in order to deal with our predicament but -- 
‘transformation happens less by arguing cogently for something new than by 
generating active, ongoing practices that shift a culture’s experience of reality’ 
(Zander & Zander, 2000, p.4). 
This thesis spells out practice that can transform the way practitioners engage with their 
realities. It contends that for those that lead, congruence between philosophy, practice and 
purpose is required.  
1.2 About this thesis 
This thesis varies in the use of the personal pronoun, as I am intimately part of the world and 
the research. I don’t stand apart from it. I am in it and of it. I have both a subjective and 
objective relationship with our world and this research. This is particularly important as it is 
this intimacy that has stimulated me to develop my thesis and my conceptualisations. You will 
notice that the earlier inquiry is a subjective one as well as an objective one. My writing must 
reflect this worldly subjective-objective relationship – writing in an objective style alone does 
not suit this thesis. There are reflexive sections included (in this font) that are an essential 
part of sustaining practice. As reflexive implies an “agent’s action upon himself” (OED), this is 
consistent with my intention of displaying self-awareness of process and practice The thesis in 
this way (and others) actualises the practice (and philosophy) being recommended. These 
reflexions though do articulate (some of) my position and thus form some part of the substance 
of my argument. As a consequence distinguishing between these two types of text has been 
difficult, generally where I use the personal pronoun I have used this font. 
Others have expressed the validity of reflective practice generally (Schön, 1983, Moustakas, 
1990) and in particular, for engineering practitioners when dealing with sustainability 
(Bryce, Johnston & Yasukawa, 2004, Carew, 2004, Moriarty 2008). In the re-conceptualised 
engineering proposed here, it is important that engineers see themselves in and of the world 
that they are affecting.  
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I am also attempting to outline an alternative ethical stance in this thesis, one which takes 
seriously humanity and our living blue-green earth.  
To continue this work when there is a crisis looming calls for passion (Foreman, 1991). This 
call though does not just come from environmentalists, it is also appearing in the work of 
theoretical physicists such as Nicolescu (2002) who recommends the inclusion of feelings in 
transdisciplinary knowledge. This trend is expected to continue as we grapple with what to 
do.    
This thesis has an empirical, ‘(b)ased, acting, on observation & experiment’ (OED) 
grounding: in researching for the pieces extensive data was “gathered up”, all of which are 
loosely connected and partial. In articulating this there is a fine balance between showing a 
complex, messy picture – the reality of the many potential threads of arguments and the 
interconnections – and any position which simplifies, even to the risk of being simplistic.  
With each empirical piece though this loosely connected and partial data was gathered, 
theoretical and cognitive threads are articulated and contingent propositions abstracted.  
These cycles continued four times: with the rhizomic form ‘and…and…and’ which Deleuze 
and Guattari (1988) describe as ‘stammering…placing…elements in variation…’ Through 
the ‘multiple conjoinings and connections made possible by desiring production’, where 
‘meaning is mobilised’ (Usher, 2010). 
Or in more traditional language my contingent position(s) became more articulated as I worked 
with purpose. Even though I do not offer you my complete position at the beginning it will 
become clear that I do have and am taking up a position: this will emerge as the narrative 
unfolds. With these emerging connections across this grounded research and the “parts” of my 
thesis5 I was able to speak more distinctly and more “truthfully” about reality. 
As a consequence the ‘form’ is unusual for a thesis. It has been suggested that the writing of 
Deleuze and Guattari in A Thousand Plateaus, that is, an immersive experience in a plateau 
of ideas, is indicative of this form. The work of Whitehead particularly in Process and 
Reality where he works around or circumscribes several of his difficult ideas beginning and 
ending in different places is another ‘model’ proposed for the type of writing used here. It 
was though not my intent to ‘follow’ any of these forms/models, it was more to create a form 
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that is congruent with my approach6. To be able to ‘form’ this thesis it was necessary to stop 
the research into new ideas and modes in 2008: material beyond this time is sparse. 
Its non-conventional form does not make for an easy read. Indeed some readers have noted 
that it has taken several readings before the ‘spirit’ takes shape: it is this ‘spirit’ that I have 
held on to in the many iterations as it is this that I wanted to elicit.  
Now to my research questions … 
1.3 What is the nature of our world in the 21C? 
The world that I know is in process. It is -- 
‘like a game where the rules change and nobody tells you that they have changed. Just 
say, for example, that you were part of a game of rugby where only passing back was 
allowed, and then a minute later you were only allowed to pass forward; not only did the 
rules change but no one tells you; you have to abstract it from the play and the referee. 
I would extend this metaphor to argue that the shape of the field may also change – the 
goal posts might now be much closer than you expected and seconds later the individual 
posts might be closer together and collectively further away; your depth perception is 
challenged – what seemed far away a microsecond ago may be right up close and 
personal now and the players may shape-shift too. New “players” may enter the play 
without warning, you may end up in a totally new environment and others may see this 
game quite differently.  
The way that you respond to this interaction will of course change the way things 
unfold, but this is not immediately apparent as you (and others, both human and non-
human) act. But also, in the past the rules may have stayed constant just long enough 
for you to think that they are fixed and now you are faced with the prospect that 
everything is potentially changing. And there is no escaping – you are in it, and of it’ 
(Goricanec, 2007, pp.1-2). 
How do we “know” the rules and is “knowing” enough? How to participate in a game like 
this successfully, especially when trying to create sustaining futures?  
Theorists (Emery, 1973a; Gleick, 1988; Mitchell Waldrop, 1992; Prigogine & Stengers, 
1984) recognise this dynamic, turbulent or even chaotic7 nature in our One World (Singer, 
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2002). It is this recognition that has informed the theoretical and practical stances taken in 
this thesis. For the purposes of this introduction, this nature is briefly described here as it is a 
very important concept that underpins this philosophy.  
Returning now to the metaphor of the “game” – in this, space and time become quite 
different. Space is not just about what is immediately around you – for when you drink 
coffee in a café in Melbourne it may mean that a very large quantity of water has been used 
in East Timor or Brazil to grow the beans and in rural Australia to produce milk – this 
becomes “virtual” in the coffee beans and the milk together with the “embodied” energy 
from the transport, the heating of the liquor and the frothing of the milk. All of these will 
have an effect on future generations. 
Eno (2000, p.1) talks of the Long Now and the Big Here – he speaks passionately about  the 
first concept in these words extracted from his paper: ‘“Now” is never just a moment. The 
Long Now is the recognition that the precise moment you’re in grows out of the past and is a 
seed for the future.’ Another theme is the Big Here, in the same way that ‘Now is never just a 
moment’, we could say – “Here is never just this room”. He is calling for ‘(n)ot a very local 
attitude to space’ (ibid) and that we shift to a way of thinking where we are ‘unable to lock a 
door behind us and pretend the rest of the world is just “outside”’ (ibid). By way of example, 
if we think about the “Outback” and how its lack of people makes it seem right for it to be 
mined and exploited it doesn’t matter that the ecology, the atmosphere, and waterways are 
totally connected globally. In this context the whole and all that implies matters in our 
thinking and doing.  
We also live and act locally in daily life. The effects of our acting may occur remotely as we 
know and feel that we are connected to, and part of, global networks (Introduction to 
Brouwer & Mulder, 2004). We have diversity in the ‘production of locality’ – community, 
economy, law, within our local environments (Appadurai, 2004). We must learn to live with 
both (at least – there are even more spatial variations e.g. regional and network) – some 
things are “common” – atmosphere, oceans, fish, water and some things are “ours” – 
individually or “owned” by community, governments, organisations. The understanding of 
the relationships between these things is shifting as we come to more deeply know the long-
term effects of our ways of living. 
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1.4 How did this come to be?  
The world has and always will be an open system in process – a living eco-system. However, 
ways of thinking that have emerged from the Enlightenment (beginning say with Descartes 
or maybe Newton) have informed the philosophy or set of values embedded in practice. 
These practices separate out parts, deal with each, immobilising to research and develop, 
ignoring what can be called “externalities”, the connections to other things. These ideas have 
over this 300+ year period been changing leading to finer and finer fragmentation, becoming 
more deeply embedded. Using variations on this set of ideas systems, networks, processes 
and organisations have been designed, developed and disseminated by separating out and 
immobilising without much thought for inherent interdependencies. These approaches are 
not “bad” in of themselves but they have been applied to all sorts of “problems” which have 
high levels of interdependency. 
Engineering is a part of this – it can be seen as working with the things that can be 
controlled. In this way it has attempted to control the forces of nature (e.g. damming water, 
controlling its flow, supplying for personal, industrial and agricultural uses, building whole 
cities to have large numbers of people live in close quarters and be “on” 24 hours a day, 7 
days a week, developing technology to travel fast, as well as networks and devices to 
communicate, over long distances) so that we can inhabit this world with much material 
benefit and “progress” while feeling relatively “secure”.  
Effects have emerged from these complexly interdependent systems, networks, processes 
and organisations operating (often continuously) together (that is at the same time and in the 
same space partially), as well as interacting with natural cycles over this period.  For 
example taking the complex interactions between “normal” global heating and cooling cycles 
(daily, yearly, the changes in the sun’s position, the circulation of the thermohaline conveyor, 
as well as earthquakes and fires lit by lightning strikes) and the patterns of our habitation, 
which includes energy use, agriculture and social behaviour; much evidence has been 
gathered that this interpenetration has generated Green House Gases (GHG) that are 
changing the atmosphere with rapid warming of the planet.  
There is also the issue of the design of sub-systems without appropriate consideration of 
interdependencies. Two simple examples of this system sub-system interdependency are; 
firstly, telephones that are designed to rely on the local power supply. When the power fails 
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so does the communication channel. Secondly, at a larger scale – when terrorists attack or 
bushfires bring down high-tension power lines there can be nationwide effects with distant 
cities turned “off”, including food and water supplies. The sub-systems in these examples 
have been designed on the basis of an understanding of risk. The chances of these events 
occuring and impacting on the human-designed system within which they operate, let alone 
the living eco-system are weighed against the costs of their occurrence. The interactions and 
interdependencies being discussed here are above and beyond the systems, networks, 
processes and organisations that created them; no one or thing bears responsibility for these.  
1.5 Questions of response 
Responding to this is perplexing and “tricky” as we are for example embedded in and 
habituated to our ways of being in the world; we don’t necessarily recognise that we are 
deeply (inter) dependent on other life forms, including our world for our lives. For example 
in trying to respond to issues individuals tend to follow a particular discipline view into one 
or a few of the many possible directions, weighing up the “good” and the “bad” seeking 
objective, tangible answers. It should be noted also that this theme of separation inherent in 
the set of ideas spawned by the Enlightenment extends right down into society with the 
notion of many separate individuals. When we consider notions of response we also need to 
consider who is and will be responsible when society is considered as a collection of 
individuals. In the light of this it can be seen that it is not easy to “break-out” or “escape” – 
for we are stuck in Plato’s “cave” seeing the shadows on the wall. 
In One World human ethics are described as emerging ‘when we started using our reasoning 
abilities to justify our behaviour to other members of our group’. The author goes on to say 
that if through the use of our communication and other technologies our group is now global, 
that is, we are a newly ‘interdependent global society’ then we need to ‘justify our behaviour 
to the whole world’ (Singer, 2002, pp.14-15). It is not good enough now to only look to 
individual interest, community interest, national interest or business interest; there is a global 
interest that must be considered also.  
Eno also talks about the difficulty we have in doing anything if we realise that our actions 
have distant consequences. For example, building objects like big dams and open water 
channels for continuous water supply seemed to make sense during the 1900s but with 
prolonged drought in Australia and looming changes in climate, large tracts of exposed water 
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that evaporate with the energy of the sun seem untenable (Prosser et al, 2001, Mitchell, 
2004).  
Scientists are confirming early indications about the impact of our activities, in the past, now 
and in the future, on the world – the atmosphere, water, soils – all the natural ecosystem 
services on which we rely. These facts are being constructed and re-constructed as the 
science expands, deepens and transforms. It is not that we don’t need science; indeed we do. 
We need natural science to understand such issues as climate change and whether humans 
are causing global warming, but simply understanding is not enough. What we do need is for 
the facts of the natural and social sciences to be understood and performed or carried into 
effect in context. Eno though goes on to describe how others have managed to bring about 
conscious change despite this recognition. As the engineering philosopher Gabor (1963, 
p.18) has said ‘the future cannot be predicted, but futures can be invented’.  
Secondly, in “the game” a dynamic environment or context is evoked that is generative, new 
realities are constantly created. When we ‘end up in a totally different environment’ it may 
mean that a complete transformation has occurred in the way that people are thinking about 
sustainability. It may mean that they have a more ‘complex unity of feeling’ (Sherburne, 
1966) about what to do, how this connects to the past, the present and the future and what it 
means in all spatial and other dimensions. 
Thirdly, what makes sense at one time may not make sense later. For, as Checkland and 
Holwell (1998, p.22) describe -- 
‘social reality – what counts as ‘fact’ about the social world – is continually being 
constructed and re-constructed in dialogue and discourse among human beings, and 
in action which they take. Researching social reality then becomes an organised 
discovery of how human agents make sense of their perceived worlds, and how these 
perceptions change over time and differ from one person to another’.  
A different relationship to reality is described by Law (2004), one that is multiple and 
created where these multiple created realities are very uncertain and where ‘enactment, flux 
and resonance’ are qualities of the real. Now we have also to consider that we have the 
interplay between these many realities. 
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Law (ibid) also goes on to consider what to do with this and poses this process as puzzle 
solving. However, puzzles don’t provide a good metaphor as they elicit the sense that all the 
pieces are going to fit together or that there is going to be some clear solution (we know for 
example that jig-saw puzzles and Rubik’s cubes can be completed). Rubik’s cubes though 
are useful for thinking about interconnected things, for changing a corner changes all the 
sides – all the relationships change. Even more robust are the ‘loosely coupled systems’ of 
engineers (Law, 2004) and in social network theory the dense knitting of ‘weak ties’ 
(Granovetter, 1973) that provides strength, than those that display a single and definite logic 
like the Rubik’s cube.  
1.6 The predicament 
The nature of our predicament is labyrinthine, that is multicursal, there are many paths and 
many are “dead-ends”. It is also dynamic with the attributes of turbulence. Our systems, 
networks, processes and organisations, developed with a causal logic, have become deeply 
enmeshed in a veritable ‘cats-cradle of interconnections’ as Haldane the Executive Director 
of Financial Stability for the Bank of England has said (2009, p.2), with behaviour ‘driven by 
interactions between optimising, but confused, agents’ (ibid).  
This then is the predicament. Not only do we not always recognise the living eco-system in 
our practice, or that a different class of response is required for this situation that is emerging 
nor even recognise its nature and further no one or thing is responsible for these responses.  
1.7 Some early thoughts on my response 
Earlier I have described my relationship to reality as more like the metaphor of a game where 
the rules change without announcement and space and time are flexible. The type of metaphor 
that we use is important, as metaphors ‘are constructs that bridge the subjective and objective 
worlds…not just a vehicle for creating meaning’ (Young et al, 2004, p.12). Metaphors can help us 
to a more multiple and contingent logic. Choice of good metaphors can aid in communicating and 
exchanging meaning -- ‘multiple metaphors can reflect the richness and depth that a variety of 
perspectives can bring to understanding a complex, abstract, flexible concept like sustainability’ 
(Carew & Mitchell, 2006, p.376). 
To solve the sorts of 21C problems that are arising in our world a Newtonian view of the 
world is no longer adequate. It has now become important -- ‘to abstract from the total flux 
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of change and movement a new set of relative invariants along with their properties, and the 
laws that they satisfy’ (Emery, 1993a, p.81).  
The very definition of environment (or nature) as a separate entity – that humans 
(individually and collectively) can be seen as separate from nature – has long been part of the 
problem rather than the solution. Instead Latour (1999a, p.22) describes ‘a whole package … 
of incommensurate aspects … one single predicament, which no matter how tangled, has to 
be tackled at once’. 
The idea then is not to pull the pieces apart and try to deal with them separately but to work 
with this ‘whole package’, our single predicament. This though is not just an epistemological 
settlement but more a way of being in the world. 
I also recognise that this idea of working with the whole package is an extraordinarily difficult 
idea – I have needed and will continue to need quite different practices to deal with our one 
world ‘all at once’. This thesis aims to articulate these practices. Further, it will be necessary to 
let go of ‘habitual ideas’ that keep things separate – I will need to inhabit the world differently. 
This thesis also aims to “show” in the empirical pieces how I have inhabited the world 
differently as well in the presentation of the thesis provide modelling of the practices that 
need to be employed.  
When the term environment is used in this thesis it includes everything – our what is often 
called “natural” environment and our “social” environment. I recognise though that others 
still use these distinctions and so I will continue to use these tags. 
The nature of our predicament and responses will be later explored further in Chapters Four 
and Five. First,  we move on to engineering and philosophy. 
1.8 A crucial argument about engineering 
Engineers Australia (EA) describe mastery of science, technology and the technical as the 
“core” competency of modern engineering (2003; 2007). In Adler’s work he describes 
science as giving us mastery of external conditions but no advice about how to control the 
power we have (Adler, 1940). This use of the word science conflates technology and the 
technical, but all three are necessary in our consideration of the means of powerfully 
controlling our external conditions.  
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In the same book, this author describes philosophy as giving us direction, pointing out goals, 
the things we should see, giving us standards to control our use of means – our science, our 
technology and our techniques. More recently this re-casting of emphasis is occurring within 
engineering. Moriarty (2008) calls for a change of perspective from looking at our products 
in a local and limited sense to looking at them from the perspective of social justice and 
environmental sustainability. This then is a re-casting of practice from an engineering of 
modernist scientists, technologists and technicians to mindful, conscious practitioners in a 
broader context (Moriarty, 2000). Although the engineers of this conception are mindful and 
conscious, they are still not asked to work for collective goals. 
Further in Moriarty’s earlier writing he articulates deliberation in respect of a person, 
whereas it is better described as a process. It requires more than one person to ‘arrive at 
proper conclusions’ especially if these individuals are independently considering some thing. 
The US National Research Council (NRC) in ‘considering how to improve decisions about 
risks’ (Stern & Fineberg, 1996, p.ix) from the use of science, technology and techniques 
developed another version of deliberation; ‘any process for communication and for raising 
and collectively considering issues’ (Stern & Fineberg, 1996, p.215). This articulation moves 
the goals from (many) individual ones to collective ones, an important shift and one for 
which we will need methods that ensure that collective understandings are reached early. 
There are no definite answers ‘out-there’ to be ‘found’ when creating sustaining futures, 
instead they need to be created and connected. How do we create sustaining futures in this 
moving feast of possibilities that are congruent with collective goals? And how do we 
engineer, that is translate our science, our technology and our techniques for this purpose? 
The NRC have described a process of ‘research informed by deliberation’ and ‘deliberation 
informed by research’, that meets this need to ensure the science is congruent with collective 
goals (ibid). This argument is for science but also applies, and more so, to engineering as this 
includes technology, techniques, innovations and more. In this way, decisions are not made 
up-front about what is in the research, as deliberation allows open communication about 
what is important for the deliberators; the role of the experts is to bring their specialist 
knowledge to the process rather than to say what is important or not. The research that is 
done answers the questions raised by the deliberation – providing evidence to support the 
proposals; this then becomes a process of informed choices. 
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Unfortunately, like many ‘good’ ideas that aim to resolve the issues that we have, this is not 
what is found in practice. This is my first example of this problem: clearly articulated 
approaches from academics and thought leaders that are not regularly practised. This leads to 
the next section on philosophy.   
1.9 Philosophical thoughts 
In general, philosophy attempts to understand ‘ultimate reality’ (OED). Academics including 
many philosophers have described their understandings of reality; some like Aristotle, 
Newton and Descartes have had a profound effect on the way we think about the world, but 
the theories and models that have been derived from their work, do not adequately grapple 
with the dynamic complexity of reality as their nature is to simplify and ‘fix’, to better 
understand some aspect. My research  explicitly calls on my experiences of actual practice as 
the material from which to abduct positions rather than relying solely on academic 
approaches.  
My desire for doing this research and writing this thesis, as already expressed, was and is to 
speak more truthfully about reality but as social and environmental reality is continually 
changing this is unlikely to be ‘ultimate’. In the same way as these other theorists, I could be 
constrained by the simplification of these approaches, but my intention is to ameliorate these 
constraints by calling on many different theoretical discourses…applying them to different 
contexts8.  
This thesis aims to answer the question what does all this mean for engineering? There is 
unlikely to be a definite answer, though through an understanding of the nature of our 
predicament, I have articulated practices that potentially create sustaining futures, 
collectively.  So again this thesis is non-traditional as there is no definitive logic or logics. I 
have tried to ‘be adequate to the richness and many-sidedness of reality’ including its dynamics 
but it may not ‘always be neat and clear’ (Birch, 1990, p.xi). 
1.10  Framing  Methodology 
‘Framing’ is used purposefully for its distinctive relation to activity and life unlike the more 
common ‘framework’ which has the sense of a more-or-less static, dead material thing. This 
framing4 and the logic of my chosen methods of this thesis and research have emerged partially 
from an understanding of the nature of our predicament; the emergence of this approach is an 
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important distinction to which we will return. Unlike most engineering theses, this one is not 
about the means to achieve specific goals – what things we need to do to solve a particular 
problem, or to refine the structure of the existing paradigm of engineering where the latter 
refers to ways of seeing, methods of inquiry, beliefs, ideas, values, and attitudes that influence 
the conduct of inquiry (Kuhn, 1962).  
If our intention is to generate sustaining futures then the power that we have needs to be 
controlled so that these emerge. In this respect it is a functional change, a realignment of the 
whole engineering system which cannot be done within the frame of reference of the 
discipline. Various authors, such as Bateson, the anthropologist (1972b) and before him 
Godel, the mathematician (as described in Smullyan, 1992) and even Einstein in the quote 
attributed to him ‘(w)e can’t solve problems by using the same kind of thinking we used 
when we created them’ recognised that re-conceptualisation cannot be done within the 
existing frame of reference; it requires logic and practices from outside the existing system. 
This research has required calling on other logics outside of engineering or ‘a corrective 
change in the system of sets of alternatives from which choice is made’ (Bateson, 1972b, 
p.293).  
1.10.1 Method assemblage 
Again it should be noted that puzzle-solving commonly means something that is solvable, 
but for many complex problems all we can do is move forward as they are often wickedly 
interconnected with incomplete and/or contradictory requirements. Further, the range of 
stakeholders will likely have very different views of the “problem” and will tend to change 
their minds with emerging circumstances. The “problem definition” may not be agreed until 
a solution is formulated and attempts to solve these types of problems typically cause further 
ramifications. The wickedness of some problems, better called predicaments has been 
recognised not only by design practitioners (Conklin, 2001; 2003; Rittel, 1972; Rittel & 
Webber, 1973) but also by the Australian Public Service Commission (2007) which sees this 
conception as providing some insight for the contemporary challenge of public policy.  
An even more radical stance to the nature of our world is that of Law (2004) where he 
describes the social as generative flux that creates realities. This then requires of us to 
explore this generative flux, to understand the type of research methodologies that could deal 
with this socially and naturally created flux. 
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In the conception developed in this thesis the researcher is an active participant in the 
research as per both the ‘engaging strategies’ for social research described in Beyond Method 
(Morgan, 1983) and those of feminist scholarship as ‘lived research’ of Beyond Methodology 
(Fonow & Cook, 1991). The researcher, though not only interacts with the research a 
reflexive practice is also required. 
This research could be described as engagement where the process of research ‘involves an 
interaction between the scientist and the object of observation’, and ‘what the scientist 
observes is directly related to the nature of that interaction’ (Morgan, 1983, Introduction). 
Morgan says that the rationale for a (social) research strategy relies on the researcher’s views 
of the world. For him, it is through the lenses of Constitutive Assumptions (Paradigms), 
Epistemological Stance (Metaphors) and Favoured Methodology (Puzzles) that the 
researcher sees and interprets the (social) world. This then, forms a metaphor, or favours an 
epistemological stance, a way of knowing, where certain kinds of insight, understanding and 
explanation are seen to be more appropriate. For Morgan methodologies are puzzle-solving 
devices, they ‘operationalize the network of assumptions embodied in the researcher’s 
paradigm and favoured epistemological stance’ (Morgan, 1983, p.21).  
The rationales above suggest that the researcher’s views are in some ways established. In the 
conception in this thesis though epistemological stances and methodological choices are 
contingent on what is known by the researcher, assumptions that are made as the research 
progresses and what emerges in the process of the research. The way of researching ebing 
articulated here does not focus on the researcher’s views of the world or alternatively trying 
to hold the world still while we research it.  
The initial focus in this research method is on the nature of the predicament, this is an open 
inquiry approach, and in this process combines the researcher’s emerging views as 
knowledge and relationships grow, contingent research methods are chosen, research 
cycle(s) emerge, as well as a growing understanding of the reality we live in. This cycle 
continues – in this thesis four times. The early sections of this thesis provide some initial 
insight into the nature of the predicament that guides my inquiry – “the game” and the ways 
of knowing that emerge from my engagement in the world (not just the social, but the socio-
technical and socio-ecological) and the sorts of methods that connect with the whole. 
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It should be noted that the other disciplines, to which I refer, are also in the process of re-
casting themselves for this context. This thesis may therefore be described by people leading 
in these fields as not going far enough but in engineering there is a long way to go from a 
fairly simple aggregating base to achieving an integrated calculus9. The function of calculus 
is to work with rates of change usually in a small number of dimensions, so what is being 
suggested here is a calculus that expands beyond in radically different ways to deal with both 
tangible and intangible dimensions.  
Philosophy of science provides an example of these re-conceptualisations through the work 
of Bruno Latour (1987; 1999b). In this view of the reality of science (and engineering) 
events in the material world are transformed into scientific knowledge and through this 
process of coming together, reciprocally transform both the material and human worlds 
(including the researcher). It should be remembered that this is a very different science or 
engineering than that which is generally taught about in our curricula or understood in 
research. 
This research and therefore this thesis is novel in its content, its methodology, as well as in 
its way of re-presenting both of these, that is, its modes of communicating – it is more like 
the approach of method assemblage (Law, 2004) – this has emerged from the action of the 
research and the writing of this thesis. 
At this stage in this thesis the method assemblage described which has emerged from my 
professional life and research, is qualitative as it combines searching, empirical work, 
abduction, emergence and action research. 
1.10.2 Searching 
Searching (Emery 1982; 1993a) is a key ingredient of my research processes. Searching with 
our own perceptual system is -- ‘generative thinking or ‘open systems thinking’… about our 
environment and our place in it is a matter of perception, of seeing things more clearly and of 
seeing things in context’ (Emery 1993a, p.66). This thesis is about exploring ways to see 
more clearly in our 21C context. In this way, we can find the ‘new set of relative invariants’, 
‘their properties’ and ‘laws that they satisfy’ (ibid).  
The “alternative, contextually relevant” model of engineering sought here is not a system 
that already exists, it has to be created. As part of this alternative model, engineering is re-
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cast as manoeuvring or alternatively performing, rather than its modernist technical or 
technologist form or traditional skills form (Moriarty, 2000). We ‘perform’ engineering – 
like actors on stage perform into being the ‘scenes’ through the costumes, set, script, acting 
etc – engineers, (together with all the human and non-human resources) perform the future 
into being. 
There are three major empirical pieces included in this thesis: 
• Experiences at sustainability conferences – as part of research practice it is normal 
to attend conferences. This is important as in these contemporary settings it is 
possible to see how sustainability is being addressed.  
• Observations of an innovation process from public documents – water was 
consciously chosen as it is a critical contemporary issue in sustainability as well as 
being relevant to engineering.  
• The initiation, gestation, birth, the first year and arrested development of a 
Postgraduate Program in Sustainability (PPS). This was a directed, concerted, 
conscious effort to respond to the emerging crisis in sustainability for professionals, 
particularly engineers. This met the demanding dimensions of my research; 
inside:outside i.e. a program in context and subjective:objective i.e. student’s practice 
requiring content and reflection.  
1.10.3 Abduction 
The third component of my assembly of methods is abduction, it was defined by the 
semiotician Peirce as ‘the process of forming an explanatory hypothesis’ (1903). It is though 
not clear that these conjectures will successfully explain, either specifically or generally, as 
abduction works ‘primarily as a mode of reasoning from an unknown future state’ (1901, 
cited in Peirce Edition Project, 1998, p.106). Peirce describes abduction as ‘the only logical 
operation which introduces any new idea’, and that it ‘merely suggests that something may 
be’ (Hartshorne & Weiss, 1931, pp.171-172). 
In contrast induction is described as -- 
‘reasoning by inference from particulars toward general conclusions, it always 
unfolds with respect to a set of taken-for-granted knowledge claims about what the 
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world is made of…inductive reason operates on elements that have already been 
conjured as ‘facts’ within the epistemological frame within which the reasoning is 
taking place’ (Helmreich, 2007, p.231). 
Further in Peirce’s writing ‘induction does nothing but determine a value’; ‘induction shows 
that something actually is operative’; and that a ‘suggestion…can be tested by induction’ 
(Hartshorne & Weiss, 1903, pp.171-172). 
Deduction, on the other hand, explicates, ‘proves that something must be’; it ‘merely evolves 
the necessary consequences of a pure hypothesis’ (ibid). Systems, structures and models 
form ‘logical machines for drawing conclusions, inclusions and exclusions from grounding 
theories and principles, they can be imagined as deductive apparatuses’ with logical 
deduction functioning to induct some “things” into the systems’ accounts while deducing 
others (Helmreich, 2007, p.230).  
Abduction from my empirical pieces is used particularly as a means to introduce new ideas; 
an example is the initiation of the PPS. Models though are used as ‘deductive apparatuses’, 
and induction is also used. These approaches are not denied but it is abduction that is the 
emphasis of this thesis as it is required for regulating future conduct rationally. 
1.10.4 Emergence 
Emergence ‘relates to phenomena that arise from and depend on some more basic 
phenomena yet are simultaneously autonomous from that base’ (Bedau & Humphreys, 2008, 
p.1). The movement from low-level rules to higher-level sophistication is what Johnson 
(2001) calls emergence. Emergence occurs in nature – slime moulds, ants, cities – these 
complex adaptive systems display emergent behaviour. 
In this conceptualisation, cities, communities and nations are self-organised complexity -- 
‘an ever changing intricate ballet in which the individual dancers and ensembles all have 
distinctive parts which miraculously reinforce each other and compose an orderly whole’ 
(Johnson, 2001, p.51). This order appears almost despite the actions of engineers, urban 
designers, etc – think here of slum towns on the outskirts of cities, even these have a 
wholeness and order about them. 
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Another example is our world: it has a -- ‘complex, highly differentiated biosphere (that) has 
emerged over billions of years from what was a vastly simpler and much more uniform array 
of life forms’ (Bedau & Humphreys, 2008, p.2). 
These then are living organisms, capable of adaptive change including ‘(t)he collective 
behaviour of human agents’ resulting in emergence of new and novel phenomena. The 
proper characterization of emergence though is still contested (Bedau & Humphreys, 2008).  
Different types of emergence may exist and there may be no unified account; also and more 
importantly for this thesis is that –  
‘the debate about whether or not the whole can be predicted from the properties of the 
parts misses the point. Wholes produce unique combined effects, but many of these 
effects may be co-determined by the context and the interactions between the whole 
and its environment(s)’ (Corning, 2002, p.20).  
 
Diagram 1: Process of Emergence 
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This idea of the whole producing global effects together with the local, individual 
interactions is shown in Diagram 1 from Lewin (1993, p.13).  There are effects in this image 
in both directions and neither is predictive of the other (Young, 2005, p.47). 
For the purposes of this thesis ontological and conceptual novelty has been chosen and in this 
way emergent phenomena are real features of the world – the whole and its context. 
1.10.5 An action research framing 
‘I never act; I am always slightly surprised by what I do. That which acts through me 
is also surprised by what I do, by the chance to mutate, to change, and to bifurcate, 
the chance that I and the circumstances surrounding me offer to that which has been 
invited, recovered, welcomed. Action is not about mastery. It is not a question of a 
hammer and shards, but one of bifurcations, events, circumstances’ (Jullien 1995, 
cited in Latour, 1999b, p.281).  
In the questioning of the nature of our predicament I have begun to describe my Area of 
Concern. In answering this as well as exploring engineering philosophy and philosophy-in-
action some of what can be called a Framework of Ideas has begun to be revealed. Some 
ideas about Methodology have also been exposed. In using Area of Concern, Framework of 
Ideas and Methodology, a generic research model is being followed, as shown in Figure 1.7 
of Information, Systems and Information Systems (Checkland & Holwell, 1998, p.23). This is 
re-presented10 here in Diagram 2 (a). 
An action research cycle model has also been included in Diagram 2 (b) (an extract of Figure 
1.8, Checkland & Holwell, 1998, p.26) as this is appropriate where the field of inquiry is 
complex and organised, that is, where intentions coordinate the behaviour/interactions of 
actors to co-produce future outcomes (Wilden, 1972). It -- ‘emerges as the appropriate 
methodology where there are relatively high degrees of freedom, and the “pull” of intention 
can, and often does, dominate over past → future determinism’ (Young, 2005, p.v). Young 
notes that this is in contradistinction to -- 
‘(t)raditional logical positivism and empiricism (which) emerge as appropriate 
methodologies where the field of inquiry is characterised by relatively restricted 
degrees of freedom, and the “push” of past → future determinism is dominant’ (2005, 
p.5).  
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Diagram 2: (a) Generic Research Model and (b) the Action Research Cycle 
Action research can be placed in a continuum of research approaches (Young, 2005, p.v). 
For these reasons and within the frame of my purposeful research, action research is one of 
the better, more appropriate research approaches. 
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Whilst, Checkland and Holwell say that, in Action Research practice -- ‘the approach 
involves the researcher immersing himself or herself in a human problem situation and 
following it along whatever path it takes as it unfolds over time’ (1998, p.22), with the 
crucial elements in the approach being: ‘a collaborative process between researchers and 
people in the situation; a process of critical inquiry; a focus on social practice and a 
deliberative process of reflective learning’ (ibid), they describe a serious deficiency –  
‘it omits the need for a declared-in-advance intellectual framework of ideas, a 
framework in terms of which what constitutes ‘knowledge’ about the situation 
researched will be defined and expressed’ (ibid).  
This ‘declared-in-advance intellectual framework’ or ‘knowledge’ requires a degree of 
planning – it assumes that the researcher is always thinking about ways to describe their 
ways of thinking to others and how their thinking and approach is appropriate to the nature 
of the situation.  
In my experience declaring in advance your intellectual framework works well when you are 
invited into an organisation to work. For example, in consulting you are expected to declare your 
position in advance of intervention (e.g. through tender processes). It is hard to do so in other 
circumstances particularly when intervening in a predicament where you have no formal status, 
what Heifetz called ‘leadership without authority’ (1994). There arises a complication in 
declaring in advance as for some people this means too much time and too much effort – they 
don’t want to “know” at this level. The amount of declaring required is also a function of the 
other party’s ability to hear and understand. Further, the framing that you enter with can only 
be contingent on your knowledge of the situation. In entering in you learn new things about 
the matter of concern, the organisation and its environment – some of which may not be 
apparent to you or to those that invited you in. 
Declaring in advance is also at odds with the sentiments expressed in the quote from Jullien at 
the beginning of this section. Despite my intentions and my framing thoughts, things act 
through me, things mutate, change with events and circumstances and as I learn. Further who 
can know what (of their knowledge) they will be called upon to engage with in practice.  
Returning to the quote of Checkland and Holwell about the researcher immersing themselves in 
the situation and consistent with my earlier commentary I do not see myself as just following 
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the situation. I am also an actor in the process, I am active, I do not stand-off watching the 
billiard balls, I am on the table within the action.  
 
Diagram 3: Long and Short Cycle Learning 
The basic cycle which is the core of Action Research is shown in Diagram 2 (b), however it 
is necessary to distinguish between the learning of the short and long cycles, as depicted in 
Diagram 3 (this diagram is based on ‘The process of action research’, Checkland & Holwell, 
1998, p.27). The result of short cycles can be expressed as outputs; that is, each short cycle 
produces specific outputs, or changes in the situation. This can be expressed as learning level 
I after Bateson (1972c) or alternatively tactical/operational evaluation. Long cycles can be 
expressed as producing outcomes.  
After the project is finished it produces outcomes for both client and researcher that are the 
result of many iterations of producing outputs or changes. This is strategic evaluation or 
learning level II of Bateson (1972b), sometimes known as ‘Deutero-learning’ (Bateson, 
1942), ‘set learning’ (Harlow, 1949), or ‘learning to learn’ (Bateson, 1972b). Long cycle 
learning provides more deeply understood responses to situations or events. 
1.10.6 More methodology to come… 
In this thesis, all of the framing of ideas and the logic of my methods have not been provided 
conventionally in chapter(s) up-front. This is in keeping with concerns about declaring in 
advance and consistent with understanding and being emerging from experience. It is also 
compatible with the action research methodology indicated in Diagram 2 (a) & (b) together 
with Diagram 3, in that the researcher learns more about the framework of ideas and 
methodology within the context of the action. These ideas and logic have emerged from the 
research, from understanding the nature of the environment and the predicament that we face 
and is thus better placed closer to that understanding and the “action”. Indeed it is often 
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necessary to expand both the framework and the methodology as the nature of the situation 
emerges from the action. Some of these ideas and logic are introduced here but more are 
interspersed throughout the chapters in order to make it more pertinent and accessible 
through placing it where it is better contextualised.  
This then is a form of research that searches anew rather than through the frame of existing 
logics, with my perceptual system seeing things more clearly, seeing things in context. It is 
generative in nature – ‘generative thinking about our environment and our place in it’. It is 
not a research that puzzles images and abstract ideas in my mind or researches an 
accumulated pile of so-called social knowledge (Emery, 1993a, p.66). Some logics though, 
such as action research are open enough to allow their use across the whole. 
1.11 Chapters 
The logic of this method assemblage (e.g. searching, abduction, emergence and action 
research cycles) is reflected in the structure of the thesis. In this section, commentary about 
this logic precedes the discussion of the structure.  
Each chapter ends with a narrative of what emerges from the work – a very short cycle of 
specific outputs or changes of learning that have occurred.  
Five cycles of action research are presented in this thesis – firstly four pairs of empirical-
theoretical sequences: each has an initial portrayal of the experience (whole) followed by the 
cognitive work related to that experience (in parts).  
The five cycles follow a sequence – four short empirical-theoretical cycles and one long-
cycle. Each of these cycles – the very short, the short and the long – shifts the level of 
thinking in the same way that Bateson’s logical categories of learning and communication 
shift their focus: 
Type 0 – ‘specificity of response which – right or wrong – is not subject to 
correction’ (I hope there is not too much of this here). 
Type I – ‘change in specificity of response by correction of errors of choice within a 
set of alternatives’.  
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Type II – ‘a corrective change in the set of alternatives from which choice is made or 
a change in how the sequence of experience is punctuated’.  
Type III – ‘a corrective change in the system of sets of alternatives from which 
choice is made’ (1972b, p.293). 
Following this introductory chapter, there is an excursion, an interlude into modes of 
communicating: this is used to better evoke my thoughts, feelings, what is seen, and how 
these are re-presented in my thesis. This is necessary as this thesis is novel in many ways, 
including the ways it is communicated.  
In the next chapter exploring philosophy answers are sought from three streams of thought 
philosophy of engineering, process philosophy and an object-oriented philosophy.  
The next two chapters form the first short cycle relating to context. The nature of our 
predicament is explored through an articulation of diverse, fragmented responses and the role 
of engineering in this what brings me here? chapter. The high levels of relevant uncertainty 
and complex plurality in this environment are caused by the complex of dynamically 
interconnecting  systems, networks and processes. An alternative conception, is provided in 
the next chapter. The recognition of turbulent texture in our environment, at the same time as 
the need to create effective responses that take into account these reverberations, leads to a 
sense of urgency in responding.  
The next two chapters form the short cycle relating to methodological responses. The chapter 
sustainability as it is practised is an empirical piece and an allegory (‘the art of meaning 
something other and more than what is being said’ (Law, 2006); more on this in the modes of 
communicating interlude) of conventional Sustainability Conferences. This illustrates typical 
conference “practice”. The partner chapter (some) method that transforms engages with the 
issue that emerged from the previous chapter – conventional conferences are not designed to 
open-up or transform. This chapter describes theoretical and methodological explorations 
that bring together, that are more holistic and that are designed to (potentially) transform 
within a turbulent world through an engineering that takes into account relevant uncertainty. 
This chapter includes analysis and thus has a number of streams of thought.  
The next three chapters form a third empirical-theoretical short-cycle relating to 
epistemological responses. The chapter water story explores NSF an innovation in farming 
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practice from the perspective of knowing. This chapter is a different format, almost word-
pictures to describe this more than water story – a story of deep learning. The (some) 
knowing that transforms chapters connect Actor-Network Theory with the issue emerging 
from the water story – getting innovation into mainstream practice. Through these it is 
recognised that high degrees of interconnection between the different aspects of the world, a 
complex plurality, requires different ways of knowing. This theory is explored as 
epistemology – some knowing that transforms and describes the movement in and of the net-
work and relationships to space as a way of helping engineers “put through”.  
The next two chapters form the last short cycle relating to ontological responses. The first 
chapter of this pair, attempts to master sustainable practice, is an empirical piece which 
relates my experiences and experiments, (these words have the same etymological root ‘to 
try out’ (OED)) with the PPS with its multiple and contingent logic through the lens of 
methods and practices of the earlier chapters. The (some) being that transforms chapter 
explores the idea of ontics as entry to ways of being that transform from individual, narrow, 
monocular perspectives to broader, more heterogeneous, transdisciplinary perspectives. 
Through the interaction with all the ‘actants’ (human and non-human actors), following what 
emerges from ‘between’, a different way of being in the world for engineers is articulated.  
The next chapter forms a long cycle that weaves together all that has come before, the need 
for congruence between what we want to do and how we do it, our ways of knowing, and our 
ways of being, that is means and ends. This chapter has been imagined connecting invisibly 
to the whole of the work of the research and thesis through the very short cycles of what 
emerges, the four short empirical-theoretical cycles of contextual, methodological, 
epistemological, ontological, as well as, philosophical responses. The what emerged? chapter 
picks up from earlier chapters, it connects across and between the many streams of thought 
and expands, considering congruence between these, with the last stream describing what 
this research and thesis means for engineering practice. 
The last chapter, a postlude, looks forward to the future of this research with new and 
existing themes. The chapter where to from here? is in the form of many streams of thought 
about what needs to be done for engineering and professional practice more generally. 
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1.12  what emerges? reflecting on emergence 
In this chapter, the notion that we have a predicament has emerged and, if the world is 
understood as dynamic, turbulent, even chaotic, we need different ongoing practices to be able 
to respond effectively. 
To re-iterate, each chapter ends with what emerges. Sections like these describe what 
emerges (and continues to emerge) when the separate components that are being worked 
with interact with my emerging purpose. What emerges is not necessarily in any temporal 
order. This material, to some extent, adds to the previous parts or maybe it multiplies – in the 
sense that knowing can produce more than just the sum of the parts (Bateson, 1972c). 
Specifically, in the more theoretical, cognitive chapters what emerges reflects on what the 
material immediately preceding it (that is, the experiences or experiments) means for 
engineering practice. The overall sequence of cognitive chapters is philosophy, context, 
methods, epistemology and ontology. 
1.13 linking forward  
This thesis is not traditional; it is broad, complex, crosses boundaries and explores in a 
synthetic way. This requires different ways of communicating to those of a traditional 
engineering thesis; text, equations, tables (of information), graphs (of data) and pictures (of 
equipment, sites etc) are not enough. In the next chapter, called an interlude, some different 
modes are described that have been used in this thesis. 
The intent of this coming chapter is to articulate some of the things that cannot be framed 
conventionally. 
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2 interlude - modes of communicating 
I feel that I am at times ‘gathering unto a moment of novelty’ with the ‘perception of traces of 
hidden meaning’ (Law, 2004).  This quote relates to “not knowing” for me – having not been 
formally educated in some of the traditions that I am working in but also knowing that these 
traditions don’t seem to be working well for those that have been educated in them.  
In Table 2 some commentary on some of the techniques used in my thesis are provided to 
indicate the different nature of this writing, as well as to try to convey what I see and feel. 
Much of what I am describing is a qualitative shift in the material ~ ephemeral and intangible 
but nonetheless real. 
Times New Roman  This font is used for the more traditional main 
text, especially when referring to writing of other 
authors. 
Comic Sans MS My reflexive writing and narratives. 
lower case chapter headings Are used so that the heading priority is reduced 
and they become part of the writing. They 
provide a loose narrative.  
potential This word is in shadow to emphasise the latency; 
things are only capable of coming into being. 
Table 2: Fonts and other devices used in this thesis 
2.1 a landscape view  
A “bird’s-eye” view of the landscape of my thesis is shown in Image 1.  Note that from this 
view  you don’t see the “hard” or “solid” things of engineering (what the Greek philosopher 
Heraclitus called the “illusion of stability”); you only see the flowing fluid – the journey, the 
events and processes. 
The meta-view of the landscape is an important concept and is consistent with whole-
landscape management approaches (Noble & Dirzo, 1997) and also the indigenous principle 
of connectedness through caring and responsibility called Kanyini11.  
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Image 1: A bird's-eye view of this thesis 
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The background to Image 1 is complex – this is intended to reflect reality, that we have a 
“naturally” complex environment as well as overlaid patterns and boundaries imposed on the 
landscape by humanity: 
• of cities – with their suburbs and regions, as well as, other enclosed spaces (farms, 
freeways, National Parks);  
• free-er spaces – rivers, oceans, deserts, forests; 
• above the ground (airspace corridors, multi-storey buildings, mobile phone tower 
coverage, the daily cycle of the sun) and  
• below (tunnels for cars, pipes for water and waste, aquifers).  
These together with all the ongoing action of humanity and life embedded in this 
environment means that there is more than we “see” and more than we can “know”. This 
background or environment needs to be “there” all the time – it must be re-integrated into 
our thinking. 
There are at least three forms of chapters included in this thesis – these are displayed quite 
differently in this landscape view: 
• One form is like a confluence12 (whirlpool or eddy) of multiple ideas coming together 
and is shown as a coloured circle with graded colour from orange to blue. This form 
tends to be more empirical, based on action, observation and experiment (OED). It 
reflects the “all-at-once-ness” of the world. The confluence can be envisaged as 
occurring when there is enough embodied energy for transformative “action” to 
occur. 
• Another form is like streams of thought, the curved meandering lines. This form 
tends to be more cognitive/theoretical than the second. Notice that sometimes these 
cross-over or connect. In this form the work is flowing; there is seeping out into the 
landscape and seeping from the landscape into the flow – virtual watering. Also, the 
streams of thought diverge from and then converge into confluences12 – this is a 
function of engaging with purpose. 
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• The third, is the integration and synthesis of ideas over time and experience, and is 
imag(in)ed as long, expanding lines on the sides of the image. 
The opening out of the streams and the closing in of the confluences in this image could be 
considered as a process of convergent and divergent thinking resembling the expanding and 
focusing sequences used in solving quality problems (QUEST, 1999). It also reflects the 
cycles of action research methodology noted previously. 
The flow of the work is generally down the page. Within this there is the “going around” of 
the confluence, the sometimes connection between the streams and also there is the invisible 
flowing out through the what emerges narration that occurs at the end of each chapter to the 
hinterlands – those long expanding lines down either side of the page.  
 
Image 2: Chapter titles overlaid on the landscape. 
This landscape is shown in stylised form with the chapters overlaid in Image 2. At the 
beginning of each chapter this image is used to provide a guide to where we are in the flow 
of the writing or structure of the thesis. In doing this the image is kept together as a whole 
and the “parts” that we are working on at the time are highlighted as an indication of the 
“part” within the “whole”.  
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Image 3: Connecting across the "parts" of my thesis; the short and long cycles 
The short and long cycles of this action research are overlaid as illustrated in Image 3. 
To reinforce – given that the world is turbulent, it has many, multiple processes in action at 
once. People and things are acting in this world. What is being toyed with here is the messy 
“real”-ness and more importantly how to intervene in it. What might work? 
Having written and visualised the outline in these ways it all looks very orderly but it should 
be noted that we need to ask the same sorts of questions that John Law (2004, p.1) asks ‘(i)f 
this (he has a picture) is an awful mess…then would something less messy make a mess of 
describing it?’ (my words in italics). Even though superficially it looks orderly the world re-
presented here is complex, dynamic, messy.  
2.2 modes of communicating 
The different modes used in this work are described or defined here and links are provided to 
examples in my thesis. Unless otherwise noted, all definitions used are from the OED and are 
shown underlined. 
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I start with writing, as it is the traditional form for a thesis. With things that have been drawn, 
scored, cut or torn, I trace these symbols, the words… 
In an interview about The Spell of the Sensuous Abrams says: 
‘I wanted to do an animistic analysis of rationality and the Western intellect, and to 
show that our Western, civilized ways of thinking are themselves a form of 
magic…It’s outrageous: as soon as we look at these printed letters on the page we see 
what they say. They speak to us’ (London, 2006, p.1). 
They form text and by using combinations of words and images in my writing I hope to 
weave a form of magic – I want the words to speak to you, allowing you to see the world in a 
different way… 
My words are original, but remember Abrams comments on the “magic” of words; I aim to 
weave together all sorts of representations – as it is not just words which “speak” to us – to 
“show” you what I mean. 
Words are thus parts; writing is putting together parts, quite different from a photo or looking 
at a landscape that attempts to show the whole. My thesis shows (some) connectedness in 
writing and other forms of representation – an attempt to reconnect, to show circulation, 
wholeness, through short and long cycles and through having text and image. 
It is still a work in progress, as I progress towards being able to do this, what form to take? 
This is a good question – poetry, models, drawing, images…? 
Even though it is not quite poetry in the sense of metrical form the quality of the writing in 
the  water story chapter on Natural Sequence Farming, page 140, provides elevated thoughts 
and feelings for me, as it follows the connecting together across the environment – water, 
soil, plant-life, animals, seasons, history, geomorphology… 
As seen in the last sentence there is that sense of the need to list, but these -- 
‘are not overviews…they assemble elements that do not necessarily fit together into 
some larger scheme. In addition, they make no claim to inclusiveness…(do) not 
claim to catch everything’ and ‘A list does not have to impose a single mode of 
ordering on what is included in it. Items in a list aren’t necessarily responses to the 
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same questions but may hang together in other ways, for instance, socially, because a 
list may be the result of the work of different people who have each added something 
to it. Yet it remains open, for a list differs from a classification in that it recognizes its 
incompleteness’ (Law & Mol, 2002, p.7). 
In this interlude, as well as, in the record of search conferences (Appendix A), I use the 
assembling of words and ideas to highlight chosen elements.  
I also searched for better ways of describing and found I could say more with allegory than 
the literal reading of the words: 
The Greek etymological roots of allegory are ‘other speaking’ or ‘narrative 
description of a subject under guise of another suggestively similar’ (OED).   
‘the art of meaning something other than, or in addition to, what is being said. The art 
of decoding meaning, reading between the literal lines to understand something else 
or more. The craft of making several things at once, what is described and what can 
also be read into that description’ (Law, 2004, p.88). 
The exigencies of sustainability conferences (in the sustainability as it is practised chapter) 
can be understood as an allegory – the lack of focus on significant issues, the preponderance 
of rhetoric and lack in practice of the conference to meet its purpose, the ad-hoc solutions, 
the assumption of diagnosis in sustainable practice. This allegory can also be read in respect 
of sustainability itself.  
In exploring better ways of describing I also found that with metonymy I could substitute 
attributes. Landscape is an attribute of the physical world; I am using this in the layout of my 
thesis through the “bird’s-eye” view.  
My inspiration for this view of my research and my thesis is a painting by Australian Aboriginal 
Old Mick Tjakamurra titled ‘Children’s Water Dreaming with Possum Story’ (Bardon & Bardon, 
2004, p.180). A photograph of this original image is included in Image 4.  
The reading of my thesis could be considered as like walking; the French philosopher de 
Certeau (1984) in The Practice of Everyday Life describes this as a mode of covering space 
that gives no overview. It immerses the walker in a landscape or townscape.  
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Image 4: an inspirational painting 
Even more powerful is metaphor for changing the way we see things and enabling 
communication of the things we see. In a paper written for an international engineering 
educators’ conference Young, Hadgraft and I described the power of transferring meaning in 
this way. Continuing the description provided in the introduction of bridging subjective and 
objective worlds, and helping us to a more multiple and contingent logic, in this is extract we 
see that: 
‘metaphors function like ‘maps’ and, like maps, they serve to link the objective 
“territory” with the subjective experience of that territory. Most importantly, while 
we know that no map is the territory, we also know that some maps, and some kinds 
of maps, are better than others (often, this depends on what you want to do with 
respect to the territory e.g. searching for oil, walking through it, flying over it, 
manoeuvring over it, irrigating it, all require different kinds of maps). Further, as time 
flows, and ends change, we need new maps, and new kinds of maps’ (2004, p.12). 
In this same paper, we referred to generative metaphor as another powerful idea: 
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Kuhn (1962) called this ‘thinking from exemplars’. Schön (1983, pp.183-184) said 
‘(o)nce a new problem is seen to be analogous to a problem previously solved, then 
“both an appropriate formalism and a new way of attaching its symbolic 
consequences to nature follow” – “follow” that is, from reflection on the similarity 
earlier perceived.’ Also ‘(n)ot all metaphors are generative…a generative 
metaphor…generate(s) new perceptions, explanations, and inventions’ (Schön, 1983, 
pp.185). 
A new explanation for engineering -- ‘acting like Daedalus in creating and then escaping 
from the labyrinth’ (Young et al, 2004, p.15) was developed. This to our minds was a better 
way of describing what is required of engineering practitioners in our current context. 
Continuing this stream of thought, better ways of describing are recommended such as -- 
method assemblage, multiplicity, partial connections, fluid results, elusive objects, crafting, 
gathering, imagination and narrative for research (Law, 2004). 
I tell the narrative or story of the “stuff”, (this word is used here as a “shorthand” for the 
complex material being generated)13 emerging from the interaction of purpose with the 
separate components, at the end of each of the chapters. An example of this is at the end of 
the previous Introducing this Research and Thesis chapter, page 26. I use story to convey the 
emerging complexity of my meaning, as promoted by Snowden (1999). 
An example of an assemblage: 
‘…imagine…turning the pages of a sketchbook. Imagine looking at different 
pictures, one after the other. Each orders and simplifies some part of the world, in one 
way or another, but what is drawn is always provisional and waits for the next 
picture, which draws things differently’ (Law & Mol, 2002, p.20).  
Different images are referred to throughout my thesis – these could form a sketchbook which 
orders and simplifies parts of the world. Following this theme we come to draw and drawing. 
The drawings in my thesis are designed to attract, represent objects and make pictures that 
draw attention to the elements that I want to highlight. 
The stylised imagery of the bird’s-eye view is repeated throughout the document 
highlighting the “pieces” that have been covered within the whole, to provide assistance to 
the reader. This form drew me in from the first time I saw it, for its visual symbolism. It was 
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part of the pack of material regarding Andrews and his farming practices (more about this 
later). In this pack, the Aboriginal Painting seen previously in Image 4 was compared to 
Andrew’s depiction of the landscape. It reflects a way of portraying the approaches that we 
need to take – the slowing down and the going around, the multiple streams of thinking, all 
linked to the environment and the “action” going on, using an indigenous way of re-
presenting this. Other important elements that are consistent are that some of the “action” 
may not be visible on the surface but we still “know” that it is there – we may choose to 
make it visible – the “x-ray” view of Aboriginal art. Further, “action” may begin and end 
beyond the boundaries of our imagining. 
Having seen our generative metaphor it becomes clear why the pair of images - MC Escher’s 
Relativity which is evocative of the labyrinthine and Guy Ottewell’s drawing of Daedalus’ 
escaping from the labyrinth have been chosen for the frontispiece of my thesis as together 
they are a form of metaphor. 
Other forms of directional guides as we have already seen are maps: my water system 
mapping of page 138, shows physical and political features, it contains details that are related 
transitively but not necessarily in the sense of the measurable distance and proximity (Taylor 
& Spicer, 2007, p.328) of traditional cartography. 
Also as we have already seen in the discussion of metaphor the map is not the territory – it is 
merely a re-presentation of the territory. If though “it” is not on the map does this mean that 
“it” is of no account or obsolete?  
Models and visual representation also form ways to express relationships:  Fusaro (2006, p.1) 
envisages that ‘(a) model of an object, process or system is a relatively more abstract 
representation of it that preserves relevant properties and relations’, also ‘(v)isual 
representations can capture and deliver a great deal of information’ but these approaches are 
‘known and loved’ but don’t ‘get much respect’.  
A specific type of model – topological:   
‘Topologists are mathematicians who study qualitative questions about geometrical 
structures. We do not ask: how big is it? but rather: does it have any holes in it? is it 
all connected together, or can it be separated into parts?’ (Strickland, 2007, p.1). 
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‘Topology is that branch of mathematics that deals with spaces that go beyond the 
traditional Cartesian (X,Y,Z) representation of Euclidian space. It is concerned with 
objects within these alternative spaces, and what happens to them when they are 
transformed’ (Young, 2006, p.74).  
The “system in its environment” of Image 6 on page 84 represents the relationships between 
a system and its environment, an example of how parts relate to each other, these parts 
though are not “material” or “tangible”; it provides no idea of distances or strength of 
connection. 
2.3 what emerges? 
There are many other modes of communicating than those of the traditional engineering 
thesis and when trying to make a functional re-conceptualisation of engineering it is 
necessary to bring other means of communicating into play.  
As well as those methods or method assemblage that are suitable for responding to the nature 
of our predicament such as searching, abducting, emergence and action research we now 
have story, image, metaphor, and mapping as these modes of communicating better this 
framing of ideas. 
2.4  linking forward   
We return from this interlude with some modes of communicating, noting that these modes 
will be used throughout, and move to a chapter exploring philosophy.  
At the start of each chapter, the stylised landscape image together with the current chapter 
heading will be used as a means of indicating where we are up to, what part within the 
whole. As this coming chapter is of the cognitive/theoretical form it is shown as flowing 
lines. 
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3 exploring philosophy 
This is the first chapter in the streams of 
thought form. Here scholarly work in 
philosophy is considered and possible 
threads of solutions are sought through this.  
3.1 engineering philosophy  
Until recently there has not been a separate 
philosophical discourse in engineering; it is 
thus a relatively rare object of study across 
the lifetime of engineering. Instead, 
philosophy of engineering with its strong 
applied science, technology and techniques 
base has been conflated with philosophy of 
science.  
Recently, however, its uniqueness, as well as the need for study, has been emphasised by 
some writers (Carew, 2004; Fox, 2006a; 2006b; Goldman, 2004; Hector, 2008; Moriarty, 
2000; 2008; Solomon, 1997) where it is seen as central to a modern technological society. 
Further there is an emerging imperative for what engineering offers (Solomon, 1997). 
Goldman notes that we need our philosophical framework to have in it the elementary 
features of action and values as we are moving into -- 
‘an era of intensified innovation and activity in a wide range of biotechnologies and 
nanotechnologies … (as well as worsening of) existing environmental, energy, food, 
water, health, wealth distribution and demographic problems’ (2004, p.173). 
Hector (2008) on the other hand describes sustainability and sustainable development as 
systemically complex, with different domains of interests as fundamental constituents of the 
problem – disparate ideas and positions, are typically held, some of which he declares may 
be irreconcilable. On this basis he develops a set of philosophical principles for sustainable 
engineering practice where belief, values and morals are central. 
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These writers offer differing perspectives on the nature of a philosophy of engineering. 
Goldman writes of the differences between the reasoning of science and engineering, with 
science being based on necessity and thus certainty, universality, abstractness and theory. 
Engineering’s contingency base is characterised by wilfulness, particularity, probability, 
concreteness and practice. 
In setting up their argument for transdisciplinarity Hirsch Hadorn et al (2008, p.4) note that 
through seeking ‘ideal’ scientific knowledge which is ‘concerned with universal concepts, 
theories, models and methods’ -- ‘serious harm has been caused by ignoring the uncertainty 
of scientific knowledge, by neglecting the users’ knowledge and by failing to consider 
contextual conditions of applications’. Basic research (including ethics in the humanities) 
becomes ‘idealisation of the multitude of phenomena and relationships’ and knowledge use 
becomes ‘a one-way transfer of allegedly reliable instrumental knowledge to “ignorant” 
users’ (ibid). 
In these same papers, these authors see the shift from the cold, straight, detached certainty of 
science and scientific research to the warm, risky and involving uncertainty of research. 
Research in this mould creates controversies (Latour, 1998); this appears to be closer to 
Goldman’s view of engineering. The identification of this trend though does not mean that 
the earlier version of science has disappeared; it is alive and well in much engineering 
research practice around structures of buildings, concrete, permeable paving, water to name 
just a few14. 
Engineering is not only described as applied science by the public but also by the scientific 
community; indeed many academics in engineering schools are qualified as scientists. The 
engineering community seems to accept this applied science description for their work. 
Goldman notes that being accepted as science has much cultural prestige. However applied 
science, he says, is a simplistic notion for the complex interaction that occurs between 
science, innovation and technology where -- 
‘in almost every instance of innovation … creative non-scientists triggered a form of 
positive feedback between research and innovation: commercially successful 
innovations stimulated new science, which enabled new engineering, which led to 
improved new applications, which drove further research and newer innovations’ 
(Goldman, 2004, p.5). 
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In these endeavours the scientists and technologists, together with people in commercial 
enterprises, led the innovation. 
We now have quite a different situation to that of the past where scientists, engineers and 
commerce were more-or-less free to pursue their own interests or pursue the interests of their 
clients. We have a crisis looming that requires a systematic and systemic response – the 
global systems that (in part) created the crisis are not going to shift of their own accord. This 
crisis is one where we as engineers need to understand what is expected of us – what is the 
future that people desire? Or alternatively what are the scenarios that people foresee? What 
capacities do we need to develop to effectively respond to these desires and foreseeable 
futures? Further should we focus our attention on those issues where as Conklin (2001) 
describes there is the ‘broadest and deepest commitment’ to making something change? In 
which case we will need processes that will help us get to this understanding. 
Goldman makes the distinction that -- ‘(e)ngineering is contingent, constrained by dictated 
value judgements and highly particular. Its problem solutions are context sensitive, 
pluralistic, subject to uncertainty, subject to change over time and action directed’ (2004, 
p.163). 
It should be noted that this is the science-in-action (and engineering-in-action) described by 
the philosophers of science such as Latour (1987) in his seminal book Science in Action. 
Also, post-normal science has emerged, recognising that facts are uncertain, values in 
dispute, stakes high and decisions urgent (Funtowicz & Ravetz, 1990). In contrast -- ‘this is 
not the science admired by ‘high’ culture – that is reasoning that is abstract, necessary and 
value free, with problem solutions that are universal, certain, unique and timeless’ (Goldman, 
2004, p.164). 
Engineering has also been seen as applying expertise to the solution of problems that derive 
from commercial, political or military managerial agendas, enabling these agendas to be 
fulfilled. In this articulation ‘engineering reason is by its very nature embedded in action 
contexts’ and thus ‘engineering cannot escape shared responsibility for that action’ (ibid). 
While it has been true for much of engineering that it has served and continues to serve 
managerial agendas, the trouble for us is that no one individual, commercial enterprise, 
nation or international body is responsible for sustaining futures for our interdependent 
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global society. We need to start from quite a different position if we are to justify our 
behaviour to the whole world. Fox (2006a, p.1) believes that -- ‘engineering needs to move 
away from thinking about what it can do for society to thinking about what society expects it 
to do’ (underline added). 
The philosophy of engineering practice presented in this thesis purposefully asks what 
society expects of us and engages people in the development of these expectations. If we are 
going to consider what society expects of us, we probably need to know what they desire for 
their futures. This needs to be wedded with other sorts of answers or solutions that might be 
considered ‘right’ or ‘true’. Asking about expectations leads to consideration of values. 
Goldman calls for engineers to assess values critically, but whose values? Also, criticality 
and criticism do not necessarily result in creativity and innovation. Many academics take a 
stance of critiquing which they imply leads towards solutions. Cutting things up and 
separating out into constituent elements does not necessarily lead to creative responses. The 
OED defines creative as ‘relating to or involving the use of the imagination or original ideas 
to create something’ and response is ‘an instance of responding; an answer or reaction’. The 
ontological shift being proposed here is the move from a stance of critique towards 
conceiving new futures – both desirable and feasible, collectively, in order to generate 
creative responses.  
Critique still has its place. Indeed the components of critical theory are used here; analysing, 
explaining and working to change the situation. The sequence though may vary, for despite 
the hegemony (Gramsci, 1992) of engineering culture which takes for granted that 
deconstruction is an essential first step towards creativity, the work of Concklin & Weil 
(1998) shows otherwise, that in reality designers seismically move between problem and 
solution in solving ‘wicked problems’. In doing this designers are undertaking not only 
critial analysis but also critical synthesis. Indeed understanding whether there is a “problem” 
and if there is then what is its nature; understanding the broad situation better together with 
coming to “solutions” and choosing which one(s) are all integral parts of designing. This is 
not a choice of either/or, indeed there are many more than two positions, rather it is a 
“balancing”. The “balancing” that is referred to here is like riding a bicycle rather than the 
balance of the scales  – it is embedded in action and after the learning or beginning phases 
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the process of riding this bicycle is not particularly conscious. Consciousness can then be 
used for other important things. 
Hector on the other hand heads towards a problem-structuring approach with a philosophical 
foundation, a theoretical framework based on general systems theory and behavioural and 
cognitive psychological theory and a set of tools to model complex problems as dynamic 
systems. This looks more like the approach that Latour argues against in his quest for a new 
epistemological settlement questioning the whole all at once. Also, this approach confines 
the engineering problem to only that which is included within the structuring; this is often 
done by engineers or the engineering team with their technical, technological or applied 
science frame. The connectedness of the world means that there is much that is part of the 
problem that is not seen from this perspective, for example, Latour’s politics and theology. 
Solomon considers engineering philosophy as independent of both science and applied 
science; she re-casts it as inter-relationships. She posits that because it is performed within 
plural settings and contexts (the professional, the formative, the organisational and the 
cultural) that it is a relativistic good rather than ideal truth. Where though does this relative 
good come from? 
All these authors when looking for values and beliefs look to engineers themselves to 
provide the answer. Like much philosophy it returns to a personalised, individual view. For 
me however the answer to this must come from outside – we must bring the outside inside. 
Many of these authors discuss context and argue that solutions are contextual, and particular. 
It is this context that we could draw on to provide answers to questions of values and beliefs 
as relying on ourselves, individually or the engineering team, is fraught with difficulty as we 
do not and cannot have heterogeneous perspectives. 
Carew makes a case for engineering to take on sustainability and reorient professional 
practice. In her conception, engineers are primary actors in the transformation of resources in 
the ‘means to ends’ hierarchy (Daley, 1973, Meadows et al, 1998), as ‘(s)cience and 
engineering transform natural capital into built and human capital’ (Carew, 2004, p.21). She 
suggests post-normal science as the basis of her re-conception of engineering. This combined 
with reflective practice and a multi-metaphor conception of sustainability form the 
foundations of her new sustainable engineering practice model. In this way, she integrates 
sustainability into engineering practice but does not re-conceptualise engineering as a whole. 
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Different conceptions of sustainability form the central story of Mann’s thesis (2006). Five 
qualitatively different ways of experiencing sustainable design are identified: ‘solution 
finding’, ‘reductionist problem solving’, ‘holistic problem solving’, ‘social network problem 
solving’, and ‘a way of life’.  These conceptions are used as a means of improving the 
practice of sustainable design. The focus on the design task suggests that this can be lifted 
out of engineering practice and treated separately. Baillie (2004) suggests that both students 
and teachers have emergent views of complex concepts; in her research the ‘interface’ 
between materials is taught as a concept, whereas in research the ‘interface’ is treated 
flexibly. She does not though apply this emergent view to the complex concept of 
engineering. The authors here are working on engineering from within existing frames of 
reference. 
This thesis and the research on which it is based are at heart about philosophy – about the 
relation between means and ends, but not only in respect of “resources”. The philosophy 
described here is not a separate disembodied entity, rather it is one practiced within the 
context of the world now and in the future. As such it is grounded in ‘real’ practice rather 
than conceptualized ideals of practice – it is thus messy, contingent, multiple, relative. It 
implicitly deals with intangibles such as priorities, emphasis and values and where they 
emerge from. 
In philosophy there is often a distinction made between epistemology, or ways of knowing, 
and ontology15 or ways of being. Engineering philosophy has tended to associate with 
epistemological questions. In The Place of Engineering and the Engineering of Place 
Moriarty’s (2000) Knowing What is the basis of ‘traditional engineering’ and ‘modernist 
engineering’ combines theory and practice – Knowing What and Knowing How. He 
postulates ‘focal engineering’ as a next form which combines Knowing What, Knowing How 
and Knowing Why, or alternatively, theory and practice in context. This context he 
postulates as primarily about place. For me however, context is much more than place, it is 
the “whole package”. 
Although Moriarty’s focal engineering takes us to a new “place” in terms of engineering 
practice more is required to create sustaining futures. It is not enough to know about 
sustainability – just knowing doesn’t make things happen. In this same paper Moriarty does 
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describe three characteristics of Knowing Why from Haroutunian-Gordon (1997) who calls 
on Aristotle’s writing: 
‘a person of practical wisdom should be able to deliberate well and arrive at proper 
conclusions via the act of reasoning; the goal or end should be attainable by acting 
(that is, feasible) and the goal should be good (that is, desirable)’ (2000, p.14) (my 
additional words in italics).   
Here Moriarty has picked up both the ideas of acting and good-ness – these are central to this 
thesis. In articulating good he describes ‘enlivening and engaging interactions between 
products and people’ (ibid) as well as: 
‘that focally engineered products should support the good in the sense of a human life 
of harmonious connections and continuities in which the fullness of being for the 
other and being itself is experienced’ (2000, p.15). 
The trouble is that when considering creating sustaining futures, we are not talking of an 
engineering that just creates products. Rather, engineers are part of the process of creating 
the world – in Moriarty’s words, a sense of a life of harmonious connections and continuities 
in which the fullness of being for the other and being itself is what should be experienced. 
Engineers should themselves have this sense of life – this is not just for other humans. More 
importantly, in the second use of this quotation the word human has been left out as life and 
the world is not just about humans and their being, it is about lots more – of plants, buildings, 
animals, insects, the sun and its cycles, physics, computers, rivers, geomorphology. 
Returning now to the epistemological discussion we need to develop ‘not knowing’, for it is 
not possible for any of us to know all that is required in this type of world.  If life is more 
like the game described earlier where the rules are constantly changing, then knowing is not 
enough and knowing is too mediated – through concepts in one’s mind and with one’s peers 
– we are irreducibly social. What is required is much more immediate, direct interaction with 
the world, like feeling and doing, a way of being in the world, being sustaining. Knowing is 
necessary but not sufficient. 
A further question that emerges from the Moriarty quote and also some of the other 
articulations of engineering philosophy described is who or what decides what is “good”? Is 
‘a person of practical wisdom’ the right entity to be making choices about good-ness? We 
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have already seen some indications of what is necessary earlier; we need to go beyond 
individuals for values; more then knowing is required; sustaining being in the world is 
needed. How do we get there? 
Having not found too many answers in philosophy of engineering to the question of re-
conceptualisation we now take up other scholarly work in philosophy .  
3.2 process philosophy 
‘Philosophy begins in wonder. And, at the end, when philosophic thought has done 
its best, the wonder remains’ (Whitehead, 1938, p.168). 
It is reality that I am trying to come to better understand in this thesis and my research. In 
answering the question what is the nature of our predicament, we can connect further with 
understandings of reality. In the introduction I articulated my view of the world in action – “the 
game”. For me, it is this game-like, process-like, moving and flowing flux; this movement is made 
up of substantial or material things, but these are only quasi-static. These are some ideas that 
are congruent with my understanding of the world, this renders a more faithful view of 
existence and with these understandings different responses are possible. Notice here that I 
have made no differentiation between nature and humanity. 
In the introduction and earlier in this chapter some philosophical ideas have been partially 
explored. One of the key ideas to be considered in this thesis is the re-balancing between 
humans and nature. This thesis proposes that while recognising the pasts, the effects of  
approaches over time and our way of being now we need to work together for our futures; it 
is about practises that promote this re-balancing while in motion.   
Within this frame, process philosophy will be used to better understand reality. For process 
philosophy -- 
‘(t)he guiding idea of its approach is that natural existence consists in and is best 
understood in terms of processes rather than things – of modes of change rather than 
fixed stabilities. For processists, change of every sort – physical, organic, 
psychological – is the pervasive and predominant feature of the real’ (Rescher, 2000, 
p.1). 
This is a philosophy of events, relations, fluidity, organism – a very non-linear logic. 
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Rheology recognises that all things flow. It is only the rate of flow relative to our 
measurement window that makes some things seem permanent. This radical approach though 
has been reduced to “Engineering Rheology” with what is called the classic definition: ‘study 
of the deformation and flow of materials’ (Australian Society of Rheology, 2005, p.1). Yet 
when we think about what engineering does – creating what can be – this requires not only 
understanding of the material part of the thing – the technology, how this is understood now 
and how it could be but also the processes to produce this and how to get this (including the 
technology) into the world and “in process”. In reality people are inherent in all this, as is 
nature. Rheology in engineering though has been reduced to “natural” things, after these 
things are understood humanity is added back in. 
In this section, I will describe the philosophy of Alfred North Whitehead16, considered by 
Birch (1990) to be a pre-eminent process philosopher. His concept of organism or process 
philosophy speculates that there are universal principles operating at all levels of nature, he 
points to ‘identical elements connecting human experience with physical science’ (Birch, 
1990, p.xii). So rather than starting from ‘stuff out there’ (such as atoms and molecules), he 
constructs a radically different scientific world-view17 in terms of events and their relations 
(ibid), beginning from human experience. Processes hold the status of primary units in 
Whitehead’s philosophy.  
Farleigh notes that in choosing human experience as a starting place -- 
‘we know this better than any other, from the inside, and human experience at any 
moment is itself, what he calls an ‘actual occasion’, an occasion of experience…the 
flow of experience … can be identified as a human person’ (Farleigh, 2002, p.1).  
Most important, Birch in describing Whitehead’s philosophy says that -- ‘(t)hese events 
provide a unity between the observer and the observed, subject and object…epistemology 
has no priority over ontology – any inquiry into knowing is simultaneously an inquiry into 
being’ (Birch, 1990, p.xii).  
In this way he is bringing back together some of our deeply embedded intellectual divides or 
acknowledging that they were never apart except as a fiction in our minds. The fiction that 
we can separate out and concentrate on the most important things is a powerful operation as 
it simplifies the argument making it easier to make decisions. Even the word decide has 
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buried within it this same notion, by making a decision we cut off other options. It is for 
example through these types of operations over a protracted period used with increasing 
intensity that our natural environment (as it was often of lesser importance) has been ignored 
eventually becoming degraded.   
To further understand Whitehead’s process philosophy I have found it necessary to describe 
a number of his very difficult ideas, and thus his unusual words prehension, concrescence 
and actual entity.  
We will start with prehension. Apprehension is an easy entry to this concept. When you are 
feeling apprehensive it is as if all the past things that you fear relative to the situation you are 
in come to your awareness. Prehension is the same, but just not in the negative sense inherent 
in apprehension. In Farleigh’s description he enters prehension via perception --  
‘(t)he act of perception … establishes the causal relation of a subject to the external 
world at that moment. Perception and memory … for Whitehead are high level 
instances of a more general concept, which he calls prehension. Most simply, for a 
subject to prehend an object, it is to experience it, perceive it, feel it, or ‘take it into 
account’ though not necessarily in a conscious or reflective way. An object can be a 
physical object, like a pencil, or a conceptual object like a memory. Prehension is 
also a feature at lower levels of nature. Single cells ‘feel’ or take account of their 
environment (which is often other cells). Within a series of sub-atomic events, each 
event prehends its antecedent event, and is almost entirely determined by it’ 
(Farleigh, 2002, p.3). 
For me, this is a way of giving you entry into my being in the world. I “experience”, “perceive” 
the vast array of connections, through me and my history, genetics etc; through the 
connections that I have in the world; through the media, through the literature and the 
potentially new connections that can be made. This is a way of prehending the world – it is not a 
conscious cognitive activity, though cognition has been part of its creation. 
Next is concrescence or coalescence or growing together (OED). In Whitehead’s language 
the phases of this process are initially many simple feelings, then the integration of earlier 
simpler feelings into more complex feelings and finally reintegration or satisfaction of one 
complex unity of feeling (Sherburne, 1966). He descibes this final phase ‘as the completion 
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of a process constitutive of the actual entity’ or alternatively ‘many single feelings of the 
world are integrated into one complex feeling of that occasion’s actual world’ or ‘(t)his 
complex integrated feeling equals satisfaction of the occasion’ (Sherburne, 1966, p.13). This 
then, in Latour’s words, is the ‘modification of all the components or circumstances of the 
event’ (1999b, p.305). We could consider this as mutation or even transformation.  
This is for me when I finally grasp the “thingy”18 that I could create that may “shift” the way 
things are. This like the “shift” that occurs in the extraction of the “figure” from the “ground” 
in one of those puzzles – requires a shift of focus, or de-focusing, a taking into account of the 
whole, in order to “get-it”, in other words that is while prehending I make choices and firm up 
but I also need to engage with others. Again the use of the word “thingy” is purposeful, it is not 
recognised as a “real” word, it does though elicit enquiry – what does this mean? Further what 
does it mean in any particular context? 
My work is a series of processes. These can now be combined with the idea of events. Events 
can completely modify all the components or circumstances – for example I have experienced a 
“full-blown” search conference (these will be described later) where people are fully committed 
to achieving an outcome. The results of this can quite spectacularly modify the way that people 
involved “sense” things – not only do they prehend the world together, but also a complex unity 
of feeling is developed. This can then go on to influence many more people and non-humans if 
those involved “go out” and act within this new unity – actively listening, actively advocating and 
working with people (and non-humans) to make things happen that are congruent with this 
concrescence. A process of transformation occurs that is different from the linear, step-wise, 
“low-hanging fruit” of typical business approaches to making change around sustainability. 
Whitehead says that the ‘actual entity’ is constituted by its prehension of its causal past 
(1938). That is, the actual entity is not just “there”. It also takes into account or is a function 
of its past, all the things that came before, where it came from. It is necessary therefore for 
humans as conscious beings who have different experiences, perceptions and feelings to 
explicitly share their past and their present, as well as their futures – to prehend together, in 
order for this complex unity of feeling, beyond the individual, to occur in more than an ad-
hoc way. 
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Another quite important concept that is quite difficult to comprehend within our 
contemporary world-view is that we are all members one of another. This includes all the 
“things” that we (humanity) have created:  
‘Each occasion, each succession of occasions that constitute each individual entity, 
can be thought of as a minute organism. Each organism is internally related to other 
such organisms. This binds them together in larger organisms such as animals, and 
since these are internally related to one another as well, larger groupings too have an 
organic character… We and all individual entities are literally “members one of 
another”’ (Birch, 1990, p.xiii). 
Further Farleigh describes Whitehead’s articulation of the whole that acts within itself and 
also within its environment -- 
‘things like molecules and organisms are temporal chains of high-grade occasions 
and are characterised by their part-whole relations. The organisation of their parts is 
dependent on the mutual action of those parts on each other, with the consequence 
that the whole acts as a causal unit both in its own parts and on its environment’ 
(Farleigh, 2002, p.2).  
Now to summarise process philosophy – experiences, that is things that happen to us, make 
us who or what we are and the things that occur happen to parts and wholes. We (wholes) act 
both on our own parts and on our environment, and our parts mutually act on each other. Of  
particular importance are series of events or processes as these make us even more so who or 
what we are. We prehend, take into account. We are a function of our past, all the things that 
came before, of where they came from, and of our ‘now’, including our desires for the future 
make us who we or what we are. Note that I use we but this is not just about humans, in 
Whitehead’s philosophy it is all entities. Together with this we have concrescence – the 
completion of processes and in this completion something distinct emerges – a complex 
unity of feeling, a transformation. 
Whitehead describes a different relationship with reality. He begins with humanity to 
develop the ideas of process philosophy but the key ideas identified here of prehension, 
concresence and actual entity do not distinguish between humanity and nature.  
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3.3 relating to Latour’s philosophy 
The metaphysics of Latour is introduced here as it provides another rendering of reality that 
is congruent. There are also some valuable interpenetrations between it and process 
philosophy that provide a useful framing for this thesis.  
A basis of Latour’s philosophy is put succinctly in the quote -- ‘nothing can be reduced to 
anything else, nothing can be deduced from anything else, everything may be allied to 
everything else’ (1988, p.163) and thus the world -- ‘cannot be divided cleanly between two 
pre-existent poles called “nature” and “society”’ (Harman, 2009, p.13). In this approach 
there are no pre-existent categories. In Latour’s philosophy he returns to objects, but not 
materials or substance, for there is no -- ‘rift between an inner substance and its trivial 
exterior’ (ibid, p.17). Objects (or actants in Latour’s words) have ‘an equal right to existence, 
regardless of size and complexity … as long as they have some sort of effect on other things’ 
(ibid).  
In his book Prince of Networks, Harman views Latour’s work as a metaphysics. He describes 
this as an object-oriented philosophy with four principles:  
‘the world is made up of actors or actants’,   
‘no object is inherently reducible or irreducible to anything else’,  
‘the means of linking one thing with another is translation’ and  
‘actants gain in strength only through their alliances’ (Harman, 2009, p.14-15).  
The emphasis here on the movement that is the translating, the linking, the negotiations and 
the allying of actants of all sorts, what Harman (2009, p.13) calls the ‘motley armada of 
forces, humans among them’ provides some similarities to the events, processes and 
concresence of process philosophy. Here though is a more active form. 
 These alternative sets of ideas though provide access to difficult ideas. Used together they 
allow different vocabularies and languaging for this work.  
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3.4 what emerges? 
The starting point for the philosophy of engineering envisaged here is that it takes into 
account the world we live in now and attempts to deal with the past, the present and the 
future, prehending our reality, in order to actively adapt. This is different from the writing of 
the authors in the first part of this chapter which can be seen as working from inside 
engineering to move it along, to pick up the latest issue – sustainability, action, values, 
research, relationships – to have these better “fit into” an existing framework.  
Further, using the ideas of Whitehead and Latour this philosophy of engineering becomes an 
ontology of objects, events and processes. All-sorts of objects effect a range of actants – 
translating and allying. The hard work of this process can translate into what I have called 
earlier a “thingy” or, in other words, through the process of concresence including its causal 
past an actual entity emerges. In trying to get a sense of what this may be, the primary 
indicators are the multiplicity and strength of the connections or alliances with the range of 
actants. The actants aren’t just there though they have with them their past as well as their 
future intentions - prehension. These processes should be undertaken collectively to ensure 
that multiple connections are made and strengthened.  
3.5 linking forward 
We begin now the series of short action research cycles with a pair of chapters about context. 
First, a chapter that explicitly explores what brings me here to this research as well as 
implicitly explicating the nature of our predicament – this is an atttempt at prehension. In this 
there is a search for the multiplicity and strength of connections. 
The intention of the second chapter of the pair is taking all this into account to abduct a 
contextual concept.  
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4 what brings me here? 
The answer to this question is many fold 
and because of the nature of knowledge is 
potentially extensive. It is not possible 
within the confines of this thesis to follow 
all the possible related discourses and still 
achieve the next stage which is to articulate 
potential transforming practice. In order to 
cover the territory I have had to select 
particular arguments and in some cases 
only begin to follow the trails. These are 
provided in related parts: firstly, from my 
personal experiences of engineering 
practice, secondly, from concerns about 
what has been called a global ecological 
and social crisis (Clift, 1998; Wright, 2002) 
and lastly, concerns about responses 
particularly the way that engineers (and other disciplines) interact with the idea of 
sustainability.  
The Latourian philosophy of the previous chapter says that it is easier when making 
something if it is ‘less vulnerable to the resistance of other actants’. It is therefore easier to 
gather resources and there is less resistance to making the links within existing disciplines or 
perspectives – we have seen this in the engineering philosophy proposed in the previous 
chapter. This though is not the work of my thesis. 
The Latourian philosophy also says that ‘we call “true” whatever has attached itself to 
something more durable’ (Harman, 2009, p.22). In this thesis I attach the argument to some 
things that I consider more durable, what may be called selected “truths” from the range of 
incommensurable aspects of our predicament. In this way I am hoping that it will be less 
vulnerable to the resistance of other actants (ibid).  I recognise though that ‘the world is a 
translation of forces’ (Harman, 2009, p.27) and that these forces may resolve to stiffen, 
disaggregate or dissolve my argument. 
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This chapter is particularly rhizomic in nature, it is of the form ‘and…and…and…’, a post-
structural logic of difference, perspectives and fragments (Usher, 2010). 
4.1 experiences of engineering practice 
My initial PhD theme was “to articulate a philosophy of engineering for the 21C”. My thinking 
was that we needed to do something about engineering for the sorts of situations that we face 
in the 21C. This emerged from my experience as an engineer. I recognised that engineering in 
the 21C felt remarkably different to my experience of engineering at the end of the 20C and 
what I understood of the experience of engineering historically.  
The environment in which I was working seemed to be quite different – the seeming 
constants of the past had disappeared – engineers (and many others) no longer worked for 
organisations for protracted periods of time; there had been a rapid increase in the amount of 
information available and ability to access information; the infrastructure and other systems 
(transport, energy, water, ICT, waste removal systems) were now deeply interconnected 
around the world and embedded in the operation of businesses, governments and 
communities; organisations had been globalised and fewer and fewer people are doing the 
work – machines, processes and other technologies do it – the use of labour has shifted – 
‘from physical exertion and dexterity to intellectual effort of designing, maintaining 
and improving the mechanized processes as we transformed ourselves from low-
power, low efficiency prime movers to highly versatile controllers of high-power 
flows’ (Smil, 2006, p.141). 
Production has been shifting “off-shore” and then on to the next low-cost country. These 
“constants” of the past though were ephemeral and a function of our way of thinking – the 
reality of the world is that it is and was, shifting and moving constantly.  
At this time I envisaged the progress of my PhD in the three stages of Diagram 4: connection 
of my then current practice (1); through action research projects (2); to “show” engineers the 
possibilities of, and potentially develop, new practice (3); within the area of sustainable futures 
(4). These are described in this section.  
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4.1.1 Current Practice 
creating what can be  
After Wulff (1998), my view of engineering practice is ‘creating what can be’ but “what can be” 
is not just a technical or technological thing. A really good exemplar is what a colleague once 
described as his father’s engineering role. He worked for a company making telephone handsets, 
an exercise in many dimensions, as he had to imagine, design and work out how to produce the 
intricate pieces inside the phone that would make this technology “work”. Not only did he have 
to imagine in three dimensions and from all sorts of perspectives (mechanical, electrical, 
materials),  
 
Diagram 4: Early thinking about my thesis (circa 2003) 
what the pieces would look like, he also had to get this imagining on to paper for others. Further 
he had to imagine how to mould these multiple intricate pieces that needed to all fit together 
inside the externally fixed form of the phone, get this design onto paper and take this through 
the many processes of getting the phone working. This included producing it an economical way. 
 - 56 -  
This is a good image of what I do, but what I am creating is much more ephemeral than a phone. 
It is much more than technology, as it is a product of my imagining and design together with 
people it is a lot more “loose”, less “tangible”, less “material” but it does share other qualities of 
my exemplar. It is an intricate “thingy”.  
Again I use “thingy” purposefully here. It comes from “thing” which has come to mean an object  
but I use it in its more orginal sense of ‘a gathering … an issue that brings people together 
because it divides them’ (Latour, 2004, p.232-3). What I am seeking for myself and others is 
taking broader care and responsibility for “things”. The “thingy” may be just people working 
differently. It should be noted that this is often easier said than done. 
It requires imagining in multiple dimensions and from all sorts of perspectives, including 
technological and financial and how the “thingy” adapts with the environment. It is necessary to 
get the “thingy” on to paper – to bring others along. There is also the ever more difficult 
imagining of how to bring it into being and the “putting through”, especially as stakeholders may 
change their minds about what they want, when they want it and even whether they want it as 
they interact with this world. 
At the same time it is important to keep the whole of the systems, networks and processes 
within which this “thingy” may operate running – to gradually progress or transform without 
bringing the whole complex down, or as Whitehead (1978, p.339) said, ‘to preserve order amid 
change, and to preserve change amid order’.  
The “thingy” is multiple – all sorts of threads, bits and pieces must be worked with at the same 
time, including the world itself with all its multiplicities and complex processes. For to have this 
“thingy” operate sustainably it may be necessary to change the systems, networks and 
processes surrounding it. Further it is necessary to consider whether what is required should 
be done within existing organisations or by beginning anew.  
Sometimes it is necessary to “let go” of the “thingy”, to see what emerges as the living 
environment within which it is working is constantly changing – the shape-shifting of the game. 
Often it is necessary to hold these creations carefully as they are fragile in their early stages; 
they need to progress through development phases before they can be left to fend for 
themselves. Living metaphors work best to describe this way of thinking and being.  
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4.1.2 Action Research 
Initially three Action Research projects were envisaged. The expectation was that from the 
experience of these projects my current practice would be “shown” and that new practice would 
emerge. The actual action research projects though emerged from my research; they are the 
empirical pieces described earlier.  
4.1.3 New Practice 
New practices did emerge from these experiences and these combined with the already 
developed practice are the subject of this thesis. Purpose though was an important theme that 
emerged from this work. 
working purposively  
Creating what can be is not enough; it also requires purpose to frame it, as this can provide a 
“seed” for co-ordinating the behaviour and interactions of actors to produce future outcomes. 
A colleague of mine once said to me it is important to have purpose but it is probably more 
important to be purposive. Being purposive requires declaration of intent over and above 
internalised intention. Rather then having ideas just in my mind, I have moved to having them 
“out-there” for others to hear, see, feel and engage with.  
As I have already noted, what I work with is a product of my imagining together with others. It 
is necessary to actively engage others, people and non-humans, such as our shared environment, 
in the imagining. Moving my ideas “out-there” is also known as active advocacy. This, combined 
with actively listening to others, allows the “in-between”; emergence occurs in this “space”.  
For me, it is very powerful when I get my ideas “out-there” because it is often the case that I 
don’t know quite what I will say or how I will say it when I am in the middle of a conversation. 
For what comes is “new” – it emerges from the interaction; it “acts through me” as per Jullien. 
Further, I can’t know what the circumstances and events are in advance in which I will need to 
articulate my ideas. 
The focus on sustainability in my original purpose has shifted to sustaining. Sustainability has a 
sense that there is a finish, whereas while humanity remains, the question of how to sustain life 
will always need to be considered in its wholeness, there will be no such end. My purpose now 
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encompasses this as a matter of shared concern. Sustaining by the way, is another active word, 
consistent with the idea of practice. 
4.1.4 Sustaining Futures 
concern 
My purpose was also being informed by an emerging concern that humanity has created a 
predicament to which we are not responding effectively, that is, we are not collectively moving 
towards creating sustaining futures for life (including humanity) on this planet. The data from 
many search conferences19, some that I collected (examples are provided in Appendix A) and 
others that I have been able to peruse, have confirmed what many people agree – that our likely 
futures are quite dismal if we continue along the current path without intervening in ways 
consistent with the nature of our predicament. 
In choosing to undertake study in a Doctor of Philosophy I found myself less concerned (but not 
unconcerned) with the matters of fact of engineering and full of different concerns (Latour, 
2004), including, in the light of questions of response, about engineering and its philosophy in 
practice. 
In Latour’s conception, matters of fact are -- 
‘not all that is given in experience. Matters of Fact are only very partial … very 
political renderings of Matters of Concern and only a subset of what could also be 
called states of affairs’ (2004, p.227). 
Matters of fact by the way they are extracted and the way that experiments are set-up are 
partial (they exclude by their very nature many things). Also, the whole paraphernalia of 
intensive, expensive research requires researchers to convince benefactors of the benefits of 
the research to them, research gets channelled towards answering the particular concerns of 
the parties involved.  
A matter of concern then becomes -- 
‘what happens to a matter of fact when you add to it its whole scenography, much 
like you would do by shifting your attention from the stage to the whole machinery of 
a theatre’  (Latour, 2004, p.228). 
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When looking at a play and then considering the whole production – the machinery of the 
theatre – we  realise that the play flows into many other directions, there are more actors than 
those on the stage, for example, the set- and costume- makers. The boundaries are permeable 
– the envelopes are fragile – for example between the script, how the producer would portray 
it, the patron’s interest as well as how the actors engage (Latour, 2004, p.228). Matters of 
fact are like this, to “get to” a fact is a whole production, facts do not arise autonomously. 
A theatre though is a “set-piece” – someone(s) produce, direct, act according to a script. Our 
world is not a “set-piece” but dynamic, in action continuously. Also my work is not just 
about looking back at how matters of fact are created, it is about creating anew, creating 
sustaining desirable and feasible futures. In this, matters of concern are important, as are 
matters of fact.   
Now what I am doing here is moving towards creating sustaining futures. In this, 
understanding the reality of the world – that is where we are up to, as much as is possible, is 
important. For this thesis it is necessary to provide a broad, meta view of the scene (and its 
scenography). This is at odds with the conventional approach which is to seek facts around a 
particular issue, dividing up into parts and then further breaking down, narrowing and 
reducing through research methods and eventually re-aggregating. Later though I will take 
one issue, that of climate change, to “show” this; in doing this, the complexity that is a 
feature of all the issues described here is indicated. At the same time, I recognise that matters 
of concern generate controversies, they move in all directions, overflow their boundaries, 
include new actors who contest the details of arguments, revealing fragile envelopes in 
which actors try to house them (Latour, 2004). The generation of controversy is an important 
part of the work of this thesis and we will return to it later.  
For the purposes of this first part of the thesis it is necessary to move the argument along 
rather than being “drawn into” the detail of each of the multiple pieces. The approach being 
taken here is to further explicate the nature of our predicament in order to later choose the 
types of practices that can respond effectively and creatively for our future. Indeed as we 
further explore the nature of our predicament we will find that critical analysis and discourse 
can be a “trap” or ‘vicious cycle’ in that these paths have been selected on the basis of older 
questions, concerns and cultural hegemony; there can be many more paths to follow than 
there is time and resources; it can thus be tempting to narrow the view in order to “make 
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progress”; the same tracks become even more “well-worn” and we find that we have not 
moved into a practical response.  
The cycle indicated above though of description (of the nature of our predicament) followed 
by linkage to theoretical : cognitive work (in this case around context) is followed 
throughout this thesis. It is embedded in the form and the landscape image alludes to this. 
Later, for example, experiences with conferences is followed by a framing of ideas around 
methods.  
We continue in earnest the ‘and…and…and…’ with perspectives and fragments … 
4.2 concern about the labyrinthine nature of our predicament 
The ‘state of affairs’ that we need to work with is indicated in Image 5. There are many 
matters of concern, or issues, and our predicament is convoluted because the ‘whole 
package’ does not present as a smooth rational reductive schema (or even several).  
Predicament has been described as a difficult, perplexing, trying situation or condition from 
which there is no easy escape, with related words being quandary and quagmire (MWD). 
This latter word is the closest metaphor to what is imagined, as it is defined as a ‘quaking 
bog’; this brings the movement as well as the difficult escape into sharp relief. 
The words labyrinthine and turbulent are used purposefully to describe the nature of our 
predicament. CET defines labyrinth as complex, complicated in structure; consisting of 
interconnected parts and labyrinthine is defined as winding, tangled, intricate, tortuous, 
convoluted. The Minotaur in Greek myth was both logically and literally trapped in a 
labyrinth that was designed to entrap the monster, it had dead-ends, it was convoluted and 
intricate – multicursal (Reed Doob, 1990). Meanwhile turbulence may be viewed from the 
perspective of nonlinear dynamics as ‘a state of violent or agitated behavior in a fluid’ (CUP, 
2008, p.1); in science and technology it is defined as ‘a state of disorder, disarray, or 
agitation’ (Elsevier Science & Technology, 1992, p.2279); from an ecology and physical 
geography perspective it is described ‘as a cascading energy transfer whereby energy from 
the mean flow is extracted by large eddies and dissipated into small (microscale) eddies’ 
(Clifford & French, 1993, p.361); and in the natural environment as ‘a wide spectrum of 
motion scales (eddies) associated with the fluid flow’  (Wilson, 2003, p.102). In business it is 
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‘unpredictable and swift changes in an organisation's external or internal environments which 
affect its performance’ (A&C Black, 2005, p.1). 
 
Image 5: One world surrounded by issues (References for images Appendix D) 
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 Using the word labyrinthine provides intimations of the complexity, the intricacy, the dead 
ends, the winding, the tangled paths. In this conception there is still the static-ness of the 
“built” labyrinth whereas turbulence adds the dynamics, the activity, as well as, further 
envisaging the connections between the parts, the large and small (the macro and micro, the 
internal and external). This section generally follows the labyrinthine theme, while the 
turbulent theme is picked up in the next chapter. 
This is not just a problem of environment, or of technology, or even of knowing the facts, 
rather it can be seen as Latour’s “whole package”. Even though it is my intention to show 
wholeness, the study is done in “parts”. The Triple Bottom Line (TBL) is typical of this 
approach with the effects of the social and the environmental added to the accountants’ 
economic or financial “bottom line”.  
We begin the survey of our predicament with an excursion into the “technological” 
environment where commentary is included on the economy and continue in later sections 
with the “social” and “natural” environments. Note here the rhizomatic form 
‘and…and…and…’ of this survey. 
4.2.1 Environments 
“Technological”  
In the “technological” environment we have broken down and re-ordered our natural 
systems. An example of this breaking down and ordering is the quite complex process of 
managing the home – economy; it has gradually become a technical idea with the key ideas 
being “the market” and money. The idea has broken away from its original roots oikonomos 
meaning steward which is from oikos meaning house and nomos meaning manage. 
Stewardship and managing the house means so much more than just managing the money. 
As defined in OED, stewardship includes producing food, water, housing, fuel for household 
consumption as well as trade. It also links to families and people, as well as land, air and 
water.  
It is not necessary though in our economy to actually produce any thing to be considered 
successful e.g. ‘the finance industry, which according to some estimates, now accounts for 
40% of the profits of the corporate sector globally…does not provide any goods’ (Gettler, 
2008, p.10). So now money and the commercial imperative, “the bottom line” drives much 
 - 63 -  
of our responses. The success of this has been seen in global average material progress but 
with vast variations. Some question whether material progress as measured in the Gross 
Domestic Product (GDP) is a good measure of the quality of progress; by way of example 
the Genuine Wealth Index calls for a balance between human, social, natural, manufactured 
and financial wealth (Anielski, 2007), but GDP is currently the primary measure. It has been 
suggested that I should explore the issues of progress and GDP more thoroughly, but this 
thesis though does not directly deal with these type of issues: what is being described here is 
an indirect, way of responding through transforming practices. There are though many more 
pertinent issues that are a part of this predicament. 
In describing the financial network Haldane (2009) says that it has over time become 
progressively more complex, as ‘the network chain lengthened’, ‘nodes grew in size’ and 
‘interconnections …multiplied’ (p.7) and more homogeneous as products and strategies, 
particularly in relation to risk, looked similar. He asserts that ‘complexity plus homogeneity’ 
together although seen by participants in the financial system as ‘stability’ actually equals 
‘fragility’ (p.8). This example, although it points to some of the issues involved, the focus is 
on the man-made financial network, ignoring the connections with the living world.  
We have de-contextualised our use of water and other natural resources by introducing 
systems that supply energy, water and products on demand. An example of this breaking 
down and re-ordering of natural systems is the linear or one-way flow of our water system 
(MW, 2008). In this system water is “caught” in our storages (dams); it flows through pipes 
to the city, where it is used for drinking, to flush toilets, wash bodies, water gardens and in 
industrial processes. After “use” this water goes into a one-way pipe system to vast waste 
treatment plants where it is treated and around half of this waste water goes into the sea. This 
half then is “lost” to our man-made system. In this way, vast quantities of water are being 
shifted in this system on a daily basis. We treat this used water and the material extracted as 
“external” to our system and we rely on the ecosystems of our planet to clean up after us – 
the ocean, the land and the atmosphere are “used” as huge “sinks” for the “waste” from our 
systems. 
These systems though have been developed purposefully – to provide clean, potable water. 
The removal of waste water allows its separate treatment thus avoiding health problems and 
has allowed the vast conurbation of Melbourne to persist without waterborne disease. The 
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establishment of systems like these has improved the health and well-being of people living 
in close-quarters.  
The Melbourne Water system relies on the “natural” cycles of evaporation and rain to 
complete the “water cycle”, that is, to refill our dams. We are learning that perhaps we can’t 
rely on this, as human activity is changing our climate. Localised changes such as the 
draining of extensive swampy ground, the channelling of rivers and creeks, the building of 
roads in low-lying areas may very well be changing the water cycle in Melbourne, reducing 
the capacity of this environment to “collect” water and “deliver” it to the catchments.  In 
response to our “sudden” awareness of possible extended drought, plus intended increases in 
population and at the same time high water demand in Melbourne, our Victorian government 
has started to seek “new sources” of continuous water – desalinated sea-water and water 
piped from other regional areas. 
This example of linearity and causal connections on a vast scale is also true of other areas, 
such as energy production – for electricity and fuel for transport, as well as, for products and 
“waste”. Through our technology, we humans, particularly in the West, have become 
controllers of high-power flows (Smil, 2006). Now we have quite a different relationship 
with the “environment”, it is distant, and largely remote from our day to day lives. Order has 
been produced around water, energy and products, through the systems and infrastructure 
that we put in place to deliver these. These organisations are a form of ordering that “fix” the 
possibilities for the future. To change these requires great effort. 
Specialization plays out in our work where we focus on “our” discipline or “interest” and 
leave the rest to others. The separations of engineering, for example, into thirty or so 
discipline areas provides even finer filtering. In this we “privilege” certain data and 
knowledge without acknowledging that they have interpretation and meaning systems 
overlaid (Hiley, 2006). Generally in engineering the “hard” disciplines are privileged – the 
science, mathematics, economics above the “soft” disciplines of relationships and 
communications. Thus my first year engineering students expressed their relief at escaping 
from what they saw as more difficult, less clear subjects such as English and Geography to 
Civil Engineering, but then struggled when they were required to describe what they wanted 
their engineering practice to be or when asked to undertake projects and broaden their work 
to include sustainability. 
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I also read with interest the Call for Papers for a recent conference which described 
engineering and engineering education thus: 
‘There are huge opportunities to bridge the divides between teaching and research 
and teaching and industry to create graduates who are ready to step into a fast-
moving, globalised engineering workplace surrounded by uncertainty’. 
In Bateson’s metalogue with his daughter, How Much Do You Know?  (1972c) he refers to 
the game of Twenty Questions where by asking an appropriate question e.g. “is it abstract?” 
you get a double bit of information. You know that if the answer is “yes” then it is both 
abstract and not concrete. This then leads to knowledge about what to ask next and the 
answer removes a whole set of questions from the set to be asked. 
Knowing, and by extension capability, is not an additive process but more like a multiplying 
process. There is also “knowing about knowing” – how is it that we can know that the 
process of knowing is more like multiplying than adding? Engineering is a synthetic creative 
process not a collection of independent pieces of information and yet adding and bridging 
divides are the metaphors that continue to be used.  
“Social” 
In the “social” environment complex, interconnected systems have been broken down into 
increasingly smaller and simpler parts. This has been ‘spectacularly successful’ (Kauffman, 
1995) – leading to fragmentation, competition and reactiveness (Kofman & Senge, 1993), 
and thus to what Sheldrake (1994) considers as our present crisis (Hiley, 2006). Through this 
fragmentation, including the ‘disciplines’ (Brewer, 1999; Campbell, 1969) we have 
developed singular perspectives; this becomes most apparent when people begin sentences 
with phrases like – “the reality is…”, “the bottom line is …” or when there is a striving for a 
“universal ethics”, or a particular politics.  
Social science academics have different views, of many relative realities (that different 
cultures and indeed different people) see things, and engage the world differently and thus 
many relative ethics and politics. Despite this, and as Kauffman has noted, singular 
perspectives have become so powerful (things happen more quickly and obviously if you 
only work from one aspect) that they are endemic in the western world of business and 
politics. 
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Passivity is the waiting and inherent expectation that someone else will make the changes 
required, by mitigating the damage, adapting to the predicament often through a technical 
“fix”. In the statement from the Board of  the Millennium Ecosystem Assessment (2005, p.5), 
for example, it is proposed that local communities are given ownership of resources yet 
someone else provides technology, knowledge and protection of natural assets. Local 
communities are made passive as they await the policy choices of others and are only 
involved in decision-making, further local communities make themselves passive in these 
processes by not engaging. 
Also there are ‘living global networks in which flows of ideas and information ricochet and 
collide in continuous streams of opportunity’ (Quote from Richard Hames in oases Graduate 
School Brochure, 2008a). Seemingly endless information is now available on the Internet – 
but it is often disconnected from its roots. At the same time conversations are becoming 
shorter and shorter as the technologies of messaging and e-mail have been established as 
means of communication. How do we get the time to develop an understanding of the 
relative realities of others? At the same time we are responding to the things we hear and 
read in the media (what has been called primary audience interaction by Morrow (2009)) and 
on the Internet (the flow of ideas and information, including secondary audience interactions 
(ibid)) but these responses are largely unconscious and largely primed by the way we have 
been educated. 
The education system, is an entity which in some senses binds and reinforces philosophy – 
the way of thinking and knowing – breaking down, fragmenting, reducing, and the way of 
doing and being – lack of subtlety in understanding relations and other realities, including 
appropriate solutions. As young people move through primary, secondary and, even for 
some, tertiary education they are “taught”, immersed in, these ways of thinking, doing and 
being. This extends to being selected as a professional on the basis of being ‘able and willing 
to work within their employer’s value system … uncritically’ (Schmidt, 2001, p.154).  
Much of higher education, heavily content-oriented, encourages a sort of “feed me” passivity 
in many of those who interact with it (Hiley & Goricanec, 2007). The teacher is relied upon 
to provide the content – what needs to be known – the student has come to expect that the 
material will be provided and that they are passive recipients. Yet the problems and issues 
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that we face have not been faced before, we cannot rely on past answers to provide solutions 
for our future. 
Often in this approach the “fundamentals” are taught initially, these are then “built” on in 
each of the subject areas and the students somehow, despite this being a difficult operation, 
“integrate” this knowledge on their own, without context. An example is found in recent 
research. Science and law double degree students were found to be searching for points of 
intersection and “integration” of the knowledge between their individual subjects. These 
higher modes of learning were not explicitly designed into their programs. Integration 
happened more because of the personal attributes of the students than by design (Welsman, 
2007).  
As Hiley (2003) says perhaps we shouldn’t be surprised that a society based upon structure 
and logic should determine the answer to most questions by laying out the manner in which 
they are posed (Saul, 1993). So even where higher education courses purport to be about 
“reshaping environments” (University of Melbourne, 2007) the focus of the learning 
objectives is on the knowledge that students will need. Where is the engagement with the 
communities whose environments are being reshaped? Where is the conversation about who 
decides, or alternatively, what process should be used to choose what reshaping should take 
place? 
‘It really comes down to what we value. What are so-called “distractions” in one 
worldview are the heart of another (for the communities whose heart has become the 
question of reshaping). Indeed they may be the most important things we need to 
“know”, especially in times of crisis’ (Hiley, 2007, p.10) (text in italics added). 
“Natural” 
Here the themes of variability and uncertainty, including an increasing pace of change are the 
focus. Phenology, the timing of seasonal activities of animals and plants, provides examples. 
Walther et al (2002) discuss that what used to be fairly regular events, such as, the changing 
of the seasons, are shifting. Spring activities (the annual regeneration of life) have since the 
1960’s in Europe and North America occurred progressively earlier. Shifts in autumnal 
events on the other hand are less pronounced but the combined effect is an extension of the 
growing season. Geographical differences are evident for both plants and birds with delayed 
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onset of spring phases in southeastern Europe. Places that used to be important sources of 
food production may soon be downgraded. 
A deep concern though is for Australia as this is where I live and it is central in my thesis – it is 
in this context that these themes of variability, uncertainty and extremes are picked up. 
Australia has an already variable climate and thus farmers have had to deal with what the 
Director of Meteorology calls ‘the most variable rainfall regime on earth’ (Love, 2004, p.4) 
and what Dorothea Mackellar in her famous poem My Country (1955) described as ‘droughts 
and flooding rains’. This island, though has “lived” physically isolated, with generally poor 
soils for much of the ‘over 40 million years’ (Flannery, 1994, p.75). It hasn’t always been 
recognized that we live with the vast climatic event of La Niña and El Niño Southern 
Oscillator (ENSO) in contemporary Australia as this wasn’t identified by climatologists until 
the 1970s and 1980s (Zillman, 2001), though our first peoples “knew” of it (Museum of 
Victoria, 2005). This cycle ensures that ‘Australia is the only continent on Earth where the 
overwhelming influence on climate is a non-annual climatic change’ (Flannery, 1994, p.81). 
The Director of Meteorology (Love, 2004, p.5) states that in general ENSO most strongly 
affects ‘those places with the greatest rainfall variability’. Australia is thus strongly affected 
but with wide variation across the continent, particularly from north to south bringing large 
regional variations in climate variability20. 
Generally though, Australian eco-systems have adapted to, or even better, co-evolved with, 
this irregular pattern becoming extraordinarily good at maximizing the use of available 
nutrients (Flannery, 1994). At the same time within these ecosystems whole sets of species 
are ‘entirely dependent on one another to make the system work’ (Flannery, 1994, p.84). 
This whole system has been described as extremely fragile as ‘(o)nce a few key species have 
been removed, the entire co-evolved structure can collapse’ (ibid). 
Arrival of Europeans “forced the discontinuance” of the management practices of the 
Aborigines, who had learned, over their extended occupation, to manage these ‘crippled eco-
systems, preventing them from degenerating further’ (Flannery, 1994, p.219). More recently, 
Australia’s fragile ecosystem has been dramatically changed with the reduction of grasslands 
and deforestation, as well as the introduction of exotic animals with the arrival of Europeans 
(University of Colorado at Boulder, 2000; Flannery, 1994). 
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All these changes in variability have already happened, but ‘(s)ome climate researchers have 
concerns that global climate change could enhance21 climate variability, creating rapidly 
changing and more extreme levels of climate variability, especially rainfall’ (Love, 2004, 
p.2). Further the IPCC’s 3rd Assessment Report (2001) states that more intense precipitation 
events are likely over many mid- to high-latitude land areas and that increased summer 
continental drying and associated risk of drought are likely in mid-latitudes --  
‘In the Australian context this could be expected to lead to an increase in climate 
variability as would any increase in the frequency and/or intensity of El Niño and La 
Niña events’ (IPCC, 2001, p.26).  
The increase in the rapidity and the extremes of climate is of huge concern as it tests the 
ability of ecosystems to respond to these climatic changes (Walther et al, 2002).  There 
appears to be a window within which we can do something. After this window closes 
different and difficult responses are required. 
Scientists are developing a deeper understanding of the relationships between and across the 
earth and its atmosphere – circulation patterns, temperatures, global carbon cycle, water 
vapour and precipitation, clouds, ocean circulation patterns, snow and ice, sea-level, flora 
and fauna (including humanity), past climatic changes (Hardy, 2003). Further it is recognized 
that our common health is dependent on biodiversity (Chivian & Bernstein, 2008). With this 
growing knowledge, scientists are coming to understand that our living, open world is 
showing signs of looming disaster, for not only do we have climate change (IPCC, 2007; 
Stern, 2006; WMO, 2007) and global warming (NOAA, 2006) which the IPCC describes as 
very likely to be linked to human activity (2007, p.44), these changes could be worse than 
predicted by the IPCC (Hammer, 2008), indeed some scenarios describe abrupt climate 
change (Schwartz & Randall, 2003, p.5; Lovelock, 2006).  
There is also what the Millennium Ecosystem Assessment report describes as ecosystem 
degradation. While making changes to ecosystems to meet growing demands for food, fresh 
water, fiber and energy and improve the lives of billions, these ecosystems have changed 
more rapidly and extensively than in any other period of time, leaving an unfortunate legacy. 
This has ‘weakened nature’s ability to provide other key services, such as purification of air 
and water, protection from disasters, and the provision of medicines’ (MA, 2005, p.5). These 
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same scientists are also describing a closing window of time in which to deal with our 
greenhouse gas emissions, beyond which significant damage will be done. 
There is much contestation that human activities are bringing changes to our climate. This 
reflects the ‘gradients of resistance’ of reality (Latour, 1988, p.166), especially when there 
are relatively “new” conceptions emerging. The BBC News (2007) report summarises the 
arguments of climate sceptics. They argue whether the earth’s temperature is getting warmer 
and whether average temperature continues to rise. The methods of atmospheric scientists are 
also questioned – computer modelling is described as unreliable, also that these do not 
predict actual behaviour of the atmosphere (which is true as any model is only partial but 
scenarios have been used by the IPCC to help to overcome these difficulties) and that we 
don’t have an extended data set on which basis to assess trends (though other means have 
been brought into play including analysing ice and earth cores).  On the other hand, recent 
measurements are trending towards the top end of these IPCC scenarios, implying that the 
models are indicative of the processes that are occuring. 
The paper Heating Up the Planet from the Lowy Institute reported in The Age (Chandler, 
2008) states that the effects of climate change will be felt not only in energy and water but 
also in security, food and health, aid and migration (Patz et al, 2005).  So here is a much 
bigger problem set to deal with, as if climate change was not ‘phenomena bewildering in its 
layered complexity’ (Chandler, 2008, p.1) enough, we now have to add or multiply the 
complexities of other effects. 
4.3 concern about responses 
Even though some have described this as a crisis many others are continuing their “business 
as usual” (Armstrong, 2006); others are searching for what the OPCDE calls “low hanging 
fruit” to make changes. 
Mitigation and adaptation are described as responses to climate change (Ausubel, 1993, 
IPCC, 1989). Mitigation aims to reduce the impacts of human-induced climate change – 
including what has been done to produce greenhouse gases so far, what is being done now, 
as well as the inclusion of future trajectories. Proposals in this category are capturing or 
sequestering carbon emissions, reducing global warming or its effects through geo-
engineering, enhancing natural carbon sinks, converting to carbon-free and renewable energy 
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technologies (Hardy, 2003, p.187). As the earth responds like a system there is quite some 
delay between response and effect (Hawken, 1993; Meadows et al, 1972; Senge, 1990). In 
the meantime, we continue our production of greenhouse gases, through continuing our 
whole approach to living and being – growing our economies, spreading our approach 
globally, linking more and more people into our conceptions of “progress”. Further there is a 
limited time in which we can respond in this way – there is a “window of opportunity” 
beyond which the damage is done. “Robustness-with-fragility” (e.g. Albert et al, 2004; May 
& Anderson, 1991; Watts, 2002) is inherent in this interpenetration of human and natural 
systems; if a ‘tipping point’  (Gladwell, 2000) is reached we will have to rapidly get used to 
adapting to changed climate.  
Adaptation in this context is described as responding to ‘inevitable climate change’ (Hardy, 
2003, p.206). The IPCC (2007, p.869) for example defines adaptation as ‘the adjustment in 
natural or human systems to actual or expected climatic stimuli or their effects, which 
moderates harm or exploits beneficial opportunities’. Also, ‘(a)daptive capacity is defined as 
the ability of a system to adjust to climate change (including climate variability and 
extremes), to moderate potential damages, to take advantage of opportunities or to cope with 
the consequences’ (IPCC, 2007, p.869, italics in original text). 
Adaptation as described by the World Meteorological Organization (2007, p.8-9) where 
‘their needs for adaptation...should be coordinated with social and economic development’ 
suggests some other people that are more expert including organisations such as 
governments and businesses do the adapting. In this conception, most people are relegated to 
waiting for mitigation or adaptation to occur. This is the way that we, at least in western 
societies, have been trained to think (Goricanec & Hadgraft, 2008), meanwhile the majority 
just continue their lives while others do the work of changing or responding.  
There is even more contestation over the responses that we should take to climate change, 
with arguments about the Kyoto Protocol, about whether the Australian government should 
set targets when other countries have not and possibly will not, whether the same targets 
should apply to developing and developed nations, whether those industries that use large 
quantities of energy or fossil fuels should be protected, in the early stages, and whether jobs 
will be destroyed or that new ones will be created or both of these at the same time. 
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Regardless of these arguments we will need to respond to the increasing changes in climate. 
In 2003 Europe experienced the hottest summer in at least 500 years; in 2005 there was a 
record US hurricane season and reports of accelerated melting of Artic sea-ice and Siberian 
permafrost; in 2002 the Antarctic Larsen B ice sheet broke up and a thin strip of ice 
protecting the Wilkins ice sheet from collapse broke apart in 2009 (Marshall, 2009). Large 
scale environmental change is happening, the effects will flow on into our lives.   
4.3.1 sustainability as an aggregating type of response  
One attempt to bring together these things that have been torn apart is sustainability. In 1987, 
the Brundtland Commission published its report Our Common Future (WCED, 1987) 
making what was then a radical connection between eliminating developing-world poverty 
and protecting the environment (Hector, 2008). Sustainable development, as described in the 
introduction to this report, is economic, social and environmental development ‘that meets 
the needs of present generations without compromising the ability of future generations to 
meet their own needs’ (WCED, 1987, Chapter 2, Paragraph 1) .  
This approach helps with directing us towards the future, while recognising the present. It 
brings together three broad areas that are normally treated separately – the people, our planet 
and the often primary “driver” of the Western world – profit. This type of integration is 
derived from the word integrare which is to make whole or to complete (imperfect thing) by 
addition of parts. It still focuses attention on humanity, through the reference to generations. 
Also this often translates in business practice into a collation or aggregation of the work of 
the financial people – the holders of “profit” -- and the work of the environmental people (as 
seen in the Annual Reports of MW, 2009; Rio Tinto, 2008; Baulderstone, 2009). These 
approaches do not attempt through their design to synthesise or co-ordinate a new 
integration. 
Hector relates what he sees as two distinct positions relating to sustainability. One, after 
Naess (1990), a ‘deep ecology’ approach, referred to as “sustainability” is -- ‘framed around 
an underlying philosophical position that humanity is in no way “special” – rather 
humankind is simply another species in a highly complex ecosystem’ (Hector, 2008, p.14). 
The second position which he calls “sustainable development” has an underlying idea that 
‘humanity is in some way special’ (ibid) and that sustainable development places the 
interests of humanity above all others.  
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There is now at least a third position and that is “sustaining”, an idea emerging from the 
work on Natural Capitalism (Hawken et al, 1999) and Biomimicry (Benyus, 1997) and in the 
works of McDonough and Braungart (2002). It suggests that humanity because it is special, 
needs to operate in new ways not ones that are just doing “less badly” but that transform 
human industry through the use of design inspired by nature. In this way doing “good” and 
“building” or strengthening sustaining environments, are designed in, for example, by 
returning water to the system cleaner than when it entered our processes.  
Despite that the authors above have moved on, in Tilbury and Wortmans’ book engaging 
people in sustainability (2004, p.12), ‘three key areas of sustainable development are 
described: 
Society: an understanding of social institutions and their role in change and 
development, as well as democratic and participatory systems which give opportunity 
for the expression of opinion, the selection of governments, the forging of consensus 
and the resolution of differences. 
Environment: an awareness of the resources and fragility of the physical 
environment and the effects on it of human activity and decisions, with a 
commitment to factoring environmental concerns into social and economic policy 
development. 
Economy: a sensitivity to the limits and potential of economic growth and their 
impact on society and on the environment, with a commitment to assess personal and 
societal levels of consumption out of concern for the environment and social justice’. 
In this version of sustainable development we are taken back to knowing as the primary 
need, but is knowing enough? 
These then form the TBL of sustainable development, an accounting that goes beyond the 
traditional financial bottom-line. This describes sustainable development as about 
understanding, awareness and sensitivity – this knowing miraculously translates into 
commitment and opportunity to change. The TBL has formed the basis of sustainability and 
corporate responsibility reporting schemes (Context, 2006, GRI, 2008, IRIS, 2009). 
Accounting is used to describe this, but “accounting” isn’t a good paradigm to consider the 
interconnected nature of our predicament. Even though accounting has two extant meanings 
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– one being to consider and the second as counting or calculation – it is this second meaning 
that has become the most commonly held understanding particularly in business where 
accounting and finance have become almost synonymous (CPA, 1997), especially when 
linked to an idea like the “bottom line”. Some “things” must be there to count. When it 
comes to qualitative things such as the social and the environmental it is difficult to see how 
this form of accounting helps. Also, accounting is practised in commercial entities as an 
“after the fact” exercise – it is like driving by looking in the rear-view mirror.  
How can being sustaining be measured? Sustainability needs to be in our strategic 
questioning – how are we helping to sustain life on our planet? As well as being built into the 
way people do things and thus associated with things like purpose and planning rather than 
where the organisation has recently been.  
 
(a)      (b) 
Diagram 5: Portrayals of the aspects of sustainability 
(Thanks to Andy Johnston from Forum for the Future in the UK) 
The TBL has been portrayed in various ways, but one of the most common portrayals is 
shown in Diagram 5 (a), of overlapping sets where sustainability is in the intersection. This is 
problematic as these three sets are deeply interconnected; that is, they are not just connected 
in relation to sustainability, but for example, using an economic metaphor, ‘the economy is a 
wholly-owned subsidiary of the environment’ Professor Lindenmayer, Fenner School of the 
Environment & Society, ANU22. 
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Another portrayal is given in Diagram 5 (b) which shows three concentric circles with the 
environment encompassing everything, the social being a lesser part and the economic being 
an even smaller part. This is a portrayal with more connectedness and more realistic 
emphasis but it leaves the impression of the economic as central or “at the core”. Whitehead 
(1933, p.231) said, ‘emphasis is the acme of consciousness’ and where one places the 
emphasis is indicative of the determinant consciousness (Mills, 2005). If we consider the 
financial or economic as central then a singular emphasis or focus is likely to continue. 
McDonough and Braungart in Cradle to Cradle (2002) describe the outcome of these 
conceptions of sustainability in practice as linking efficiency with sustaining the 
environment. Efficiency though again breaks down, narrows and reduces. What is it that we 
are making efficient? And what are we sustaining?  
Subsequent to the Brundtland report, there has been major United Nations activity on 
sustainable development and climate change – habitat loss, the rate of extinction of species, 
water supply, sustainable agriculture, fishery depletion, energy use, resources extraction, 
urbanisation, deforestation – have all provided a range of interrelated challenges representing 
different facets of a highly complex, global ecosystem, overlaid by just as complex a social 
system representing great diversity in worldview and belief. Authors and practitioners like 
the United Nations, Naess, Benyus, McDonough and Braungart have moved on, yet 
sustainability and sustainable development are still the most active forms in practice (as seen 
in the GRI) and engineering practice as we shall see in the next sections has been highly 
influenced by these approaches.  
4.3.2 an aggregated engineering practice 
In the latter sections of this chapter two papers that were written jointly with David Young 
are drawn on extensively in a survey of engineering in this context. The first for an 
International Engineering Educators’ Conference together with Roger Hadgraft (2004); the 
second for an Australasian Engineering Educators’ Conference (Goricanec & Young, 2003). 
Engineering has a proud history of serving the survival needs of the human species (De 
Camp, 1974). The emphasis in the previous sentence is on the human species (in Hector’s 
view this is ‘sustainable development’) rather than serving the survival needs of the world 
which includes humans (Hector’s ‘sustainability’). In the process, as seen earlier, 
engineering works have had the unintended or unforeseen consequences that are now a major 
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challenge for contemporary engineers. Perhaps engineers, in the past, have been too focused 
on solving the immediate presenting problem (the need for (more) energy, food, water, etc. 
ultimately for humans) without evaluating the longer term outcomes of their intended works 
– or facilitating such an evaluation in concert with others. 
As De Camp (1974, p.13) says ‘the story of civilisation is, in a sense, the story of 
engineering’ and throughout the ancient world, early engineers developed and used rational 
(heuristic) methods for the design and construction of buildings, irrigation works, ships, 
transport and war machines. The focus of this engineering practice was, no doubt, sustaining 
the survival of their community, City, State or patron, in an often harsh world. These 
heuristic methods have survived into the modern era, albeit in a context where scientific 
understanding has increasingly underpinned engineering practice (De Camp, 1974). 
emphasis on the technical and technology … 
As we have seen, the main emphasis in modern engineering is the technical and technology – 
this reinforces the use of the first definition of engineering in the AMD which is also the most 
commonly held academic and popular root definition: ‘(t)he application of scientific and 
mathematical principles to practical ends such as the design, manufacture, and operation of 
efficient and economical structures, machines, processes, and systems’. 
Metaphorically this ‘applied science’ definition conjures up a vision of a set of free floating, 
external verities, that is, ‘scientific and mathematical principles’ which are applied 
autonomously to another set of external objects ‘structures, machines, processes and 
systems’. Through the use of the passive voice, and the image of a series of abstract 
principles confronted by a series of external objects, the subject of the action is eliminated. 
We can see how this became so when we follow the blossoming of modern engineering in 
the industrial revolution. This would have been impossible without the steam engine and the 
ability of engineers and tradesmen to design and build complex machines with their 
associated control systems. Throughout this period, developments in scientific understanding 
– physics, mathematics and chemistry, in particular – led to an increasing scientific and 
quantitative approach to engineering. Indeed in Transforming the Twentieth Century the 
thesis is that technical innovations so transformed the world that ‘extensive quantification is 
essential to convey the magnitude and the rapidity of the 20th Century’s technical 
transformations and their ubiquitous impacts’ (Smil, 2006, p.25). 
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the impact on the bottom line… 
Throughout the modern era, and well into the 20C, engineers were focused on solving 
technical problems with the constraint of cost minimization. Thus, engineers were concerned 
with two major issues – technical sufficiency and economic or financial cost, the so-called 
bottom line of commerce. This focus, that emerged from engineering, also inspired a similar 
focus in the management of human enterprises – technical efficiency at minimum financial 
cost. 
Throughout the 20C, the focus on technical problems – not only of developing individual 
objects (e.g. devices, tools, machines) but also of processes (e.g. casting of steel, machining 
of parts), networks and systems (e.g. long-distance telephony, transportation) (Smil, 2006) – 
continued within engineering and engineering education. The ‘ability to apply knowledge of 
basic science and engineering fundamentals’ (EA, 2006, p.5) was, and still is, seen to be the 
most important prerequisite for the “production” or “reproduction” of engineers to continue 
and enhance this work. 
the environmental impact… 
By the 1970s, awareness of the environmental outcomes of civilisation – polluted 
atmosphere, land, rivers and oceans – had increased markedly. Engineering educators 
responded by developing environmental engineering (Anderson, 2002), by aggregation vis-à-
vis the existing set of engineering specialisations – civil, mechanical, industrial, electrical, 
materials, geotechnical, chemical, nuclear, etc. – while maintaining these other engineering 
disciplines with few changes to curricula. In some organisations, environmental “impact” 
became the second bottom line for assessing a project. Around this time, technology, and 
engineering by association, became linked with pollution and companies stopped their 
promotion of these (Tietjen, 2004). Engineering started to lose its visibility. 
the social impact… 
By the end of the 20C, the social “impact” of engineering was of increasing concern. For 
example, recent opposition to wind farms and major dam projects is often due less to 
environmental impacts than to the aesthetics of the project – the impact on a beautiful 
landscape – or, from the landowners’ or neighbours’ perspective, “Not In My Backyard”. 
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It can be argued that both engineers and social scientists, are wedded to the linear Newtonian 
metaphor where pure truths describe an external world that is (or should be) acquiescent in 
the face of these truths. When the truths produce false predictions, when the Newtonian 
certainty is replaced with social resistance and politics, the “gap” can only be bridged by 
increasingly baroque metaphors like “social impact” and “unanticipated consequences”. The 
very use of the word “impact” implies the separateness of artefacts and people – they are 
autonomous billiard balls (atoms, planets), waiting for someone to propel them at each other, 
across a Newtonian space. 
One of the most important outcomes of the Newtonian metaphor is the perception that 
amongst other things engineers are faced with the competing demands of the “technological” 
and the “social” – two distinct, mutually exclusive realms (atoms) of being and method, that 
can only be bridged  by aggregating, or we are left with conflict. It should be no surprise that 
a metaphor, or paradigm, that treats the technological and the social as separate, 
incompatible domains often produces socially undesirable, unanticipated, consequences. It is 
also why so many attempts to produce socially relevant projects involve engineers and social 
scientists working alone to produce their own part of the solution with these parts then 
simply added (aggregated) together. 
For some time, the core of the engineering debate has been the ongoing dualism between the 
“social” and “technical” views of artefacts (eg like bridges, buildings, computer systems and 
road networks). The dualism is especially important in technology-intensive settings, like 
work places that are dependent on Information and Communications Technology (ICT). It is 
becoming apparent that this dualism also provides an attractive chasm, across which the 
prevailing “schools of thought” with respect to human  artefact interaction can trade 
blows and publish lots of papers. Over time, the relationship between the two schools of 
thought has become a highly ritualised, albeit profitable, war dance. 
This distinction between the social and the technological has produced two competing 
schools of thought, commonly labelled “social shaping/determinism” (MacKenzie & 
Wajcman, 1985) and “technological determinism” (Chandler, 2000; Sorenson & Williams, 
2002: UKTEC, 1996; Williams & Edge, 1996; Winner, 1977). The conflict between the 
schools has two highly problematic outcomes: 
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• First, the social determinism school, and the technological determinism school, both 
miss the obvious influences of the “other side”. Social determinism leaves little room 
for the obvious effects of technology, per se, and the technological determinists 
ignore the important roles of social differentiation and human intention – which 
brings another problem of the techno-centric paradigm to bear; it enables us to blame 
technology for problems which would more appropriately be sheeted home to us. 
• Second, the proponents of technological determinism, on the one hand, and of social 
shaping, on the other, inevitably design research programs, project management 
protocols and educational agendas, which assume a fundamental distinction between 
the social and technical. Technological determinists will frame research questions in 
terms of the social and psychological effects that technological developments force 
on us (i.e. their “impact”), and social determinists will be concerned to investigate 
how various social actors (eg producers and consumers) design, develop and 
appropriate technologies. Humans are either the over-determining agents in the 
society-technology relationship, or passive passengers on a technological trajectory.  
The work that Bijker, for example, has done in bringing these two schools of thought, 
technical determinism and social constructivism, together is important but unfortunately this 
is not embedded in practice, practitioners still work from their own area of expertise, as seen, 
for example, in the responses to extended drought in Victoria.  
It is interesting to note that while all this has been going on inside academia and the 
professions, engineering has been becoming invisible to the public (Tietjen, 2004). 
sustainability… 
In 1996 the Institution of Engineers Australia commissioned a review of engineering 
education; the resulting report was called Changing the Culture and contained 
recommendations urging the inclusion of sustainability as a part of Australian engineers’ 
formative training. In most curriculum though sustainability has been added as another 
aspect to be understood – there has not been much re-design of whole programs and their 
underpinning values. This is indicated in Conference of the Australasian Association for 
Engineering Education (AaeE, 2003) – the majority of papers related to studies of specific 
subjects within an existing curriculum despite the theme being Engineering Education for a 
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Sustainable Future. For those engineering educators that presented the specific subjects that 
they teach have some sustainability element included. 
chaotic engineering practice 
The President of the U.S. National Academy of Engineering, in his paper The Urgency of 
Engineering Education Reform, describes this implicit aggregation process in his favourite -- 
‘operational definition of engineering as “design under constraint”. Engineering is 
creating, designing what can be, but it is constrained by nature, by costs, by concerns 
about safety, reliability, environmental impact, manufacturability, maintainability, 
and many other such “ilities”’ (Wulff, 1998). 
Engineers in this process have recognised the negative environmental and social impacts of 
their work and adjusted engineering practice by adding on. This aggregation process has no 
clear end point. Like so many disciplines, engineering appears to be building a baroque23 
cathedral by aggregating more and more criteria into a basic framework which hasn’t 
changed much at all. These heterogeneous concerns (technical, financial, economic, 
environmental, social, sustainability and even psychological – witness the growth of “human 
factors engineering” and “ergonomics”) lack an integral calculus to make sense of them. We 
have instead, an ever increasing set of incremental expansions in what constitutes 
engineering. The outcome of such an endeavour is as predictable as the slow accretion of 
snow on a vertiginous landscape – sooner or later the “tipping point” will be reached. 
Engineering practice, when viewed from this perspective is extraordinarily ordered, intricate 
and therefore chaotic (Mollison et al, 1998). On the other hand there is a rudimentary 
reflective practice – seen in conferences -- where people are willing to reflect on their work, 
but often in engineering education this is at the level of what they can directly influence or 
even “control”, that is, their subject, rather than at the program or practice level of 
engineering. This can be seen in the example of the conference above.. 
Following this reflective theme I have seen engineers take on more of this practice (within 
“change” projects) but when they are disappointed by others inability to be consistent with 
espoused values they withdraw; they become more determined to remain in the “backroom” in 
the “black and white” of technology. 
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The intention of the work of this PhD is to have engineers see that they are working to some 
higher purpose beyond their direct “control” – desirable and feasible futures; that this work is 
part of a web of activity and that part of their role is to articulate the role of technology and 
techniques in that web. The role of technology and techniques may very well change in this 
process. 
4.4 what emerges? 
What emerges is that:  
• My experiences have led me here – searching for ways of being congruent with purpose, 
creating, not just technology. There has been a change of focus in this research from 
engineering as prime, to now sustaining futures with a secondary focus on a philosophy 
of engineering practice for the 21C. 
• The nature of our predicament is not only “natural” but also “technical” and “social”,  
including our responses; it is the continuous complex intertwining of these in 
processes, systems and networks. 
• This is a critical time for sustaining our world. For we, not just engineers nor 
engineering but humanity with our disciplines, privileging of certain things, ordering, 
reductionism, remoteness from nature, our one-way flow, have created, with good 
intentions of solving the presenting issues and improving the lives of billions, a 
labyrinthine predicament. We have only a small window of opportunity to resolve 
this before it will become extraordinarily difficult. 
• Current engineering is unable to “fix” it. Indeed the notion of “fixing” it suggests that 
there will be “final” solutions; sustaining suggests otherwise. 
• We are trapped as we try to use the same structures and logics that we have used to 
create the predicament in our attempts to escape. We do not seem to have any 
satisfactory ways out. How do we create the equivalent of the wings of Daedulus to 
escape from our invention – the monster and the labyrinth? 
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4.5 linking forward 
The next chapter completes this short cycle regarding context, with some ways to deal with 
the whole including its labyrinthine and turbulent nature. 
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5 a contextual conception  
5.1 the whole package 
In this section I explore ways of talking 
about systems (organisations) and their 
environments that does justice to the 
complex web of interactions which 
characterise system-environment relations 
and the emergent phenomena which these 
interactions co-produce.  
Emery (1977) developed a framework to 
describe organisational contexts and more 
importantly, how such environments and 
their component systems co-produce 
outcomes. His framework has two key 
components – the classification of 
environmental types (and, by implication, the classification of causal textures) and the 
directive correlation. These conceptions of environment and emergent phenomena are at the 
level of ‘states of affairs’ in the quote of Latour regarding matters of fact and concern. 
It should be noted that we are dealing here with complex, dynamic interactions (often 
conceived of as problems) that are made up of evolving, interlocking issues and constraints, 
where often many actants are involved with different and changing perspectives, where the 
aim is to get the stakeholders to accept a solution – what others have called ‘wicked’ 
problems, which are different from the relatively “tame” problems of most bridge-building or 
house design and construction.  
In Image 6, the relationships between a system and its environment are portrayed 
topologically  (remember this from the modes of communicating chapter – it is a way of 
showing physical relationships between things). In this diagram "L" stands for "Lawful 
Relationship", “1” stands for a system, and “2” stands for its environment, so for example 
L12 is the relationship from the system to the environment. This image was derived from the 
work of Emery & Trist (1973) and was first displayed in this form in our paper (Young & 
Goricanec, 2001, p.452). 
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Image 6: Topology of system and environment relationships 
This could be used to apply to any system or organisation, but in this section, consistent with 
my overall emphasis, Australia is used as an example organisation to illustrate how the 
organisational environment and its component-systems co-produce outcomes. 
In this image –  
1. L11; are the relationships within the system 
2. L12; are the relationships from the system/organisation to its environment [what 
are often simply labelled as “outputs”] e.g. trends in exports (increasing exports of 
iron ore, uranium, wheat, sheep; decreasing exports of manufactured goods etc); 
emigration of professionals and the “creative class”; the “Australian finishing school” 
of young adults travelling overseas; international students returning to their countries; 
businesses going “off-shore” for cheap labour; our products and services; trends in 
the relations in staff and their interactions with the international community and 
 - 85 -  
associations; even our regulations as they apply to our products, as well as, other 
countries’ and international bodies’ standards and regulations; greenhouse gas 
emissions into the atmosphere; waste water into the ocean. 
3. L21; are the relationships to the system/organisation from the environment, the 
conditions that the specific focus of our interest must adapt with [what are often 
labelled as “inputs”] e.g. trends in imports (increases in manufactured goods and 
cheap imports, including cars, electronic gadgets, food (including from countries with 
diseases that we have eradicated); immigration of skilled workers; overseas 
investment in land, businesses; radioactive particles from reactors; our atmosphere, 
ENSO; trends in government policies and regulation, community attitudes; quality of 
skilled migrants attracted to Australia. 
4. L22; are the relationships within the environment, the dynamic conditions that all 
systems/organisations which share the environment must adapt with. For example,  
− increasing application of technologies to all aspects of life and work;  
− increasing penetration by women into all social economic and political arenas 
of Western societies24; 
− increasing resistance to, and conflict over, the extreme laissez-faire position 
taken by many governments, and institutions (eg World Trade Organisation, 
International Monetary Fund) globally and more recently the fall-out from 
this in the Global Financial Crisis;  
− increasing homogeneity of global culture and increasing conflict over this 
trend;  
− increasing climate change, including global warming, widespread melting of 
snow and ice and rising global mean sea level, melting of the permafrost, 
drying of Sahel and Mediterranean (Lichte, 2007);  
− increasing variability of climatic conditions – more intense droughts, 
frequency of precipitation events increased, increase in tropical cyclone 
activity (Lichte, 2007); 
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− increasing understanding of global cycles and circulations – ocean currents, 
climate, atmosphere – history, present and predictions under various scenarios 
− increasing understanding of anthropogenic impacts. 
This last class of relations
 
will affect all systems and organisations to some extent. It is this, 
the L22, which gives Emery’s framework the status of a socio-ecological approach, rather 
than the more traditional closed systems thinking which deals with what is happening in the 
system only (e.g. Weber, 1947), or historical thinking which focuses on the environment 
alone, or immature open systems thinking which deals with the system with its inputs and 
outputs (e.g. van Bertalanffy, 1950); this latter is traditionally called the operating 
environment.  
My research into Emery’s work in Social Ecology resulted in a transformation of my 
understanding of our (and my) proclivity to focus on “the system” itself and to rush forward to 
make changes without fully understanding the shared context with which “the system” is 
adapting. After being introduced to these ideas I had a growing awareness that it is often 
experienced as easier to “surrender” to context and focus on the system from our discipline 
and role perspective as we seem to get quicker results which are less costly in the shorter 
term. On reflection the results of these responses are often ineffective in resolving the 
complex of interacting “issues“ especially those such as climate change and relevant 
uncertainties brought about by the relations between system and environment, especially as the 
environment becomes increasingly dynamic.  
5.2 emergent properties of the environment 
Emery (1977) explicated different levels of causal texturing of system-environment as they 
provide differing foci for adaptation. In this conception it is important to understand the class 
of system-environment that the change agent is dealing with in trying to make change 
happen (Gloster, 1999).  
Now, focussing on the environment (L22), the most important emergent property has been 
the phase change into a “Turbulent” environment (Emery & Trist, 1965). The formal 
characteristics of Turbulence are described below in the classification of Environmental 
Types. These types should not be understood, simply as graduations on a linear scale but as 
emergent types of causal texturing of the environment, each requiring a different class of 
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adaptive response, for example, like the different classes (and levels) of play required for the 
games of dominos, draughts, chess and go. It should be noted even though others (Bell, 
1973; Schön, 1971; Toffler, 1970; Vickers, 1970) have identified turbulence their 
articulations did not have the connection with causal texturing and adaptive response of 
Emery and Trist. 
What we see here are complex processes emerging from our forefathers’ responses when 
placed in new types of environments (based on Emery & Trist, 1965). Each later stage takes 
into account  the previous stage as well as perspectives of the way to operate in the emerging 
context: 
1. Placid, Random Environment: In this type of environment, goals and noxients 
(things to avoid) are unchanging and randomly distributed. In this type of 
environment, like the economists’ “classical market”, there is no distinction between 
tactics and strategy – the optimal strategy is just attempting to do one’s best on a 
purely local basis. Furthermore, the rules of the game are effectively unchanging, so 
can be inferred by experiment (trial and error) – the only transactional relations 
required are L11. Under these (purely theoretical) conditions organisations would 
exist adaptively as single and rather small units. 
2. Placid, Clustered Environment: This type of environment is still relatively static, 
but goals and noxients exhibit a degree of clustering. It corresponds to the 
economists’ “imperfect competition”. Strategy can now be distinguished from tactics 
– what the organisation knows about its environment becomes crucial for survival – 
both what is happening within the system (L11) and the relationships from the system 
to its environment (L12) are required for adaptation e.g. a positional strategy, as 
exhibited in the development of hill-top city states, controlling access, water 
resources, and arable land immediately below. Further, attempts to achieve an 
objective may lead into areas of danger, while avoiding a difficult issue may lead 
away from potentially rewarding areas. 
3. Disturbed, Reactive Environment: In this 3rd type, the environment becomes 
dynamic. It corresponds to the economists’ “oligopoly”. It is a level 2 environment 
within which there are a number of similar, competing, organisations and this 
becomes the dominant characteristic of the field. Each organisation has to consider 
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that what it knows can also be known by the other organisations. Where the 
organisation wants to move, in the long run, is also where the others will move. Each 
organisation will wish to improve its own chances by hindering the others, and each 
will know that the others, not only wish to do likewise, but also know that each 
knows this. The organisational response is that of an operation – a planned series of 
tactical initiatives, calculated reactions by others, and counteractions (i.e. now, L11, 
L12 and L21 are required). It is now more important to define the organisational 
objective in terms of the ability to make and meet competitive challenges, i.e. not 
focusing so much on location, but on the capacity or power to move, more or less, at 
will. The causal texture is then determined by the expectations and intentions that 
guide the moves and counter moves. 
4. Turbulent Environment: The dynamics now emerge, not only from the interactions 
of identifiable component systems, but also from the environment itself. The 
“ground” is set in motion. Three trends contribute to the emergence of these dynamic 
field forces: 
− The growth of organisations, and linked sets of organisations, to meet Level 3 
conditions. They are so large that their actions are both persistent, and strong 
enough, to induce “autochthonous” processes in the environment (like the 
wooden bridge which will resonate as a consequence of soldiers marching over it 
in step), examples are international supply chains and global financial systems.  
− The deepening interdependence between economic and social goals – to the point 
where economic considerations can come to dominate decision-making and some 
would claim “there is no such thing as society – only the economy” and, 
concomitantly, that one should strive for continual economic growth at the 
expense of all other considerations. 
− The increasing reliance on research and development to achieve the capacity to 
meet competitive and other challenges. This leads to a situation in which a change 
gradient is continuously present in the environmental field. 
Emery and Trist (1965) saw the autochthonous change described above as the critical 
dimension that drives the change in causal texture. The resulting increased complexity and 
 - 89 -  
the unexpected directionality of causal interconnections, that is the dynamics, produces 
increased relevant uncertainty about the requirements for adaptation. Individual 
organisations (include here nations), no matter how powerful, cannot expect to adapt 
successfully simply through their own direct actions. Now, all four possible relations (L11, 
L12, L21 and L22) must be planned for as a prerequisite for adaptation. 
An extract from Gloster’s  PhD on managing active adaptation (1999, p.65) is included here 
in Table 3, which summarises five levels of causal texturing and foci of adaptation. The first 
four of these have been described so far. These types and their descriptions are consistent 
with the theoretical contributions of Emery (1963) and Baburoglu (1987; 1988); Emery and 
Trist (1965; 1973). Note that the two Type 5 vortical levels will be discussed later in this 
chapter.  
Level of L22 texturing Description Salient Relationship 
Type 1 Random, placid L11 
Type 2 Clustered, placid L11, L12 
Type 3 Disturbed, reactive L11, L12, L21 
Type 4 Turbulent L11, L12, L21, L22 
Type 5 (localised) Localised vortical in Type 4 L11, L12, L21, L22 
Type 5 (L22)  Vortical L22 
Table 3: Levels of Causal Texturing and Foci of Adaptation 
A more complex relationship between adaptation and purposive activity is identified by 
Emery -- ‘(a)daptation refers to the responses available for dealing with emergent 
environmental circumstances’ (1973b, p.6). This represents only the passive form of 
‘directive correlation’, where this concept -- ‘encompasses adaptation in that it allows for 
that system of causal relations in which the environment is actively influenced to 
determine the kinds of responses that will subsequently be adaptive’ (ibid) (my bolding 
in both cases). 
This then is co-evolution or active adaptive planning. It should be noted that Emery in 
describing active adaptive planning uses the word environmental in its broadest sense within 
a systemic construct, where a system is within an environment and this includes all things, 
not only the “natural” environment. Although he does not at the stage of his writing make the 
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more direct connections with the “natural” environment that are necessary for the 
conceptualisation proposed here. 
This type of active adaptive planning is rare at individual, organisational and system levels. 
Most strategic planning is undertaken on a cyclical basis – annually or bi-annually, 
sometimes extending to five years (Burkhart & Reuss, 1993, Bradford & Duncan, 2000), 
rather than by tracking the system of causal relations, seeking to identify emergent properties 
and allowing these emergent environmental circumstances to determine the kinds of 
responses that will be adaptive. We will return to directive correlation and active adaptive 
planning in Chapter 7. 
5.2.1 unconscious responses 
As we have progressed from the era of the hill-top city, we have moved through the phases 
of Placid, Clustered; Disturbed, Reactive; Turbulent and the causal texture of our 
environment has been becoming more intricately entwined and more dynamic. 
People and organisations though are responding unconsciously to what is occurring.  They 
are powerfully aware or prehending (taking into account, not necessarily consciously) the 
environment within which they are operating (personal, group, organisation, nation etc) and 
are responding with that environment, again not necessarily consciously or systemically. 
Individuals and groups are responding to the world – they cope, they make changes. These 
responses are to changes seen as a tangle of causal chains – that are often linear, one-way 
flow or “de-contextualised”, have smooth, highly ordered rational schemes or they privilege 
particular things or they break-down, narrow, reduce. It is these types of responses that often 
lead to forms of maladaption, e.g. improving the lives of billions, at the same time as 
weakening nature’s ability to provide services, making our futures unsustainable (Chivian & 
Bernstein, 2008). 
5.2.2 an emerging perception of loss of control 
Emery, Crombie and Baburoglu argue that there are a set of first order maladaptive responses 
to turbulence which can be either passive or active. Further, if the first order maladaptive 
responses are not extinguished, they will harden into more intractable second order 
responses. Definitions of these first order and second order maladaptive responses are 
provided in Table 4.  
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By way of example, during the 1960s it was perceived that there was an emerging loss of 
control in a wide range of organisations. One of the most obvious trends indicative of this 
was in the management of these organisations – “managerialism” reared its head. Four 
factors are described by Edwards (1996) as underpinning the hegemony of management --  
‘efficiency as the primary value guiding managers’ actions and decisions; faith in the 
tools and techniques of management; a class consciousness among managers; and a 
view of managers as moral agents’. 
Thus rather than treating management as a necessary task, which is carried out, to some 
degree by all participants in an organisation, management was implemented as a task 
necessarily done or controlled by “specialist” managers. As managers began to “reign 
supreme” “managerialism” emerged. 
Around the year 2000 in meetings of a research group at a Victorian university the issue of 
“managerialism” in universities was raised. In researching this issue using the causal texture 
frame we found that maladaptive responses had emerged. Examples from these papers 
(Young & Goricanec, 2001; 2003)  related to System Depth are provided: 
• Responses such as “It’s really simple”, “Don’t reinvent the wheel”, and “Just be more 
positive” fit in the category of Superficiality; 
• An example of Synoptic Idealism is “Year 12 ENTER score as the determinant of 
entry to tertiary study”; 
• Over time Superficiality and Synoptic Idealism can harden to become Monothematic 
Dogmatism. Examples are: Neo-liberal dogma wedded to the so-called knowledge 
economy and applied to Universities, “The market is the answer”; “It’s the bottom 
line”; “The answer is that academics must become more business-like”.  
It is interesting that our Australian “higher education” institutions are so deeply affected by 
managerialism when the origins of modern universities were (as von Humboldt, the founder 
of Germany’s oldest university, said in 1835 in The Theory of Human Education (Vol I, 
p.283)) designed to support ‘the ultimate task of our existence … to give the fullest possible 
content to the concept of humanity in our own person [...] through the impact of actions in  
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Focus of 
Pathology 
First Order Maladaptive Second Order Maladaptive 
Superficiality (Passive) (Emery, 
1973a, p.58) 
Results from a system’s attempt, in 
the face of a turbulent environment, 
to reduce complexity by becoming 
indifferent to, or superficial about, 
what the complexity of the 
environment requires of it for 
adaptation.  
 
 
 
 
 
 
System 
Depth 
(L21 or  
environment 
 system  
relationships) 
Synoptic Idealism (Active) 
(Crombie, 1972) 
Involves a system’s attempt to 
reduce complexity by futile 
attempts at over analysing, 
measuring and controlling this 
complexity.  
 
Monothematic Dogmatism  
(Baburoglu, 1988, p.196) 
Depth is captured “once and for 
all” as in “The End of History”. 
Superficial satisfaction of the 
need for overriding values to 
guide behaviour in turbulence. 
Hence dogma becomes the 
normative base for 
distinguishing right from 
wrong, good from bad. There is 
a single, crystal clear, truth 
(closed system, closed future).  
Segmentation (Passive) (Emery, 
1973a, p.58) 
Involves parts of a system, in the 
face of environmental turbulence, 
seeking to go it alone, to the 
detriment of the system as a whole.  
 
 
 
System 
Progression 
(L12 or system 
 
environment 
relationships) 
Authoritarianism (Active) 
(Crombie, 1972) 
Involves the system trying to coerce 
its parts to work together toward a 
specified end. 
Stalemate 
(Baburoglu, 1988, pp.198-199) 
Represents a “crystallisation” of 
progression. The power disparity 
is lost. Inability to articulate, 
design and, in particular, pursue 
sometimes even the most 
mechanical ends of the whole 
system. An obsessive concern 
with the means at almost 
complete expense of the ends. 
The system becomes clinched, 
qualitative progress ceases. 
Dissociation (Passive) (Emery, 
1973a, p.58) 
Parts of the system withdraw from, 
and seek isolation from, other parts 
of the system in the face of 
turbulence. The parts become 
neutral and uncaring toward each 
other, and coordination becomes 
problematic.  
Evangelicism (Active) (Crombie, 
1972) 
Involves parts naively “pulling 
together” around a simplistic belief 
system, even though the system 
level response is maladaptive. 
 
 
 
 
Lateral 
coordination 
(Breadth) of 
the System  
(L11 or system 
 system 
relationships) 
 
 
 
Polarisation  
(Baburoglu, 1988, pp.197-198) 
Crystallisation of the breadth 
dimension produces a clear in-
group, out-group dynamic, 
viewing the world as “us” and 
“them”. Coupled with the 
dogmatic style it reduces the 
complex intertwining of reality 
to simplistic, black and white, 
god or devil, terms.  
 
Table 4: Maladaptive Responses Framework 
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our own lives’. Further he said that this task ‘can only be implemented through the links 
established between ourselves as individuals and the world around us’ (ibid). 
Of course managerialism is only one of many maladaptive responses to loss of control. There 
are others, for example, “expertise” and “authority” – again rather than expecting that every 
person is an expert in their own life and adapting to their environment in this trend “others” are 
more expert or more authoritative than most individuals, thus individuals should wait for 
responses from these “others”. This is reinforced by our education system which is 
predominantly a teacher-led approach and one where students have become dependent on the 
education system to provide structure for their learning. 
In the next section the piecemeal responses identified by many are woven together through a 
socio-ecological approach, focused on system:environment relations, enabling us to understand 
why the responses have emerged, how they fit together, and how we can break out of the 
pathological dance. 
5.2.3 an Australian example of maladaptive responses 
In this example the framework for analysis is the three foci of pathology, that is System Depth, 
System Progression and System Breadth, defined in Table 4. The first order maladaptive 
responses with both their active and passive forms, demonstrate how the players can get caught 
in the maladaptive “dance”. Finally, as the nature of the dance becomes more frenzied the 
system relationships can “crystallise” to the second order maladaptations of monothematic 
dogmatism, stalemate and/or polarisation. 
This framework together with the re-cast topology of Diagram 6 with Australia as the system, 
the world as the environment, have been used to frame the examples of maladaptive responses 
(more detail is provided in Table 8 in Appendix C). The macro environment L22 has been 
explicated in general terms earlier. Specifically for Australia though, the operating environment 
includes fragile ecosystems, the irregular effects of the ENSO (our 8-10 year cycle), increasing 
variability associated with global climate change and the dynamics of the 20C and 21C.  
State governments competing with each other for population growth, for business, and for large 
events are segmenting Australia’s response to these issues; at the same time an authoritarian 
Federal government has responded to the argument between governments by centralisation to 
regain control (e.g. wages and the Murray River). Stalemate has “crystallised” as governments 
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say it is the other’s fault – Federal blames states and vice versa and everyone blames local 
government – the system is not progressing. 
 
Diagram 6: Topology of Australia as System in Environment (world) 
Over time these superficial responses and idealistic views have combined to “freeze” with some 
singular and dogmatic responses e.g. despite the need to adapt to Australia’s difficult 
environment with insight into the origins of higher education, the governments would have the 
key behaviour in these institutions as being more business-like, driven by the “the market” and 
“the bottom line”. 
Dissociation from our environmental problem is occurring – people are excessively consuming 
foods that are water-intensive and energy-intensive (production using high levels of fertilisers, 
with products delivered “out of season”, as well as transported long distances); further we have 
houses with little thought for impacts – the “McMansions” on small blocks with air-
conditioning, water-intensive gardens, swimming pools, in estates on the edge with no or little 
public transport, or other infrastructure. 
Evangelicism for certain answers such as protecting national parks, most indigenous vertebrate 
species and rainforests from any human interference; the inviolable “holy cows” e.g. whales; 
and conserving certain environments such as rainforests, prevents us from utilizing our few 
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renewable resources in the least destructive way; further “final solutions” are proposed to 
“solve” our water problems. 
Dissociation and evangelicism leads to polarisation. For example, discussion about mining and 
forestry in Australia is concerned almost solely about where and whether mining should occur, 
but remarkably, no-one presently seems concerned about the utilization of our one-off mineral 
and natural wealth, at the same time that environmentalists say all mining/forestry is bad while 
governments and corporations declare mining/forestry is good for our economy and jobs. 
Managerialism, expertism and authoritarianism deny the ability to actively adapt by focusing 
only on the dimensions of the system behaviour, denies the utility of other human beings in 
creating a desirable future, and ignores or suppresses people’s ability to reflect understanding of 
the (turbulent) environment in their thinking and working. In its purest form, managerialism 
seeks to implement a marketplace culture, and enforce market disciplines of efficiency and 
effectiveness; this “plays out” in all aspects of our society. 
5.3 the importance of recognising the level of causal texture 
The extreme levels of interconnection implicit in our actions and the “natural” environment that 
requires us to think differently are described in the following quote: 
‘(t)he complex patterns of feedback traced out by the interactions between “normal” 
global heating and cooling cycles, global warming caused by the generation of CO2, our 
patterns of energy use, of habitation, of agriculture and of social behaviour are both 
critical to survival (i.e. relevant), and subject to irreducible uncertainty’ (Young, 2005, 
p.43). 
As we have seen before, it is important to understand the nature of the situation that one is 
dealing with in trying to make change happen. Gloster in his thesis on managing active 
adaptation notes that the levels of causal texturing of system-environment, are explicated 
because ‘they suggest, at a genotypical level, differing foci for adaptation’ (Gloster, 1999, p.66). 
Maybe in considering how to adapt we need to answer the question – is the world extensively 
vortical? Many of these threads if taken to their logical conclusions would lead us in this 
direction. 
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As mentioned earlier (and seen in Table 3), Emery & Trist (1973, p.xiv) raised the possibility of 
a fifth level of causal texturing, that is beyond turbulence through: 
‘unfavourable trends arising from the maladaptive defences. These are producing 
conditions to which no adaptation is possible at all. They denote a fifth environment 
with characteristics of a vortex, signs of which already exist in certain complex 
societies’. 
At this stage Emery and Trist felt it unnecessary to take the matter further, believing that 
persistent failure of systems to actively adapt to the turbulent environment was unlikely. 
Reflecting on this in 1986 in a letter to Baburoglu, Emery noted that: 
‘(e)ven at the time of the 1977 update of the textures theory (Futures We Are In), I still 
believed that the active adaptive modes would prevail ...I had no reason to ask “What 
happens if maladaptive responses prevail?”  By the early eighties … it had become clear 
that not only were individual corporate strategies inadequate to cope with turbulence, 
but with persisting maladaptive strategies, more and more nation states were incapable 
of allowing, let alone supporting, active adaptive strategies in their societies.  This was a 
reality that the original formulation of the theory did not attempt to encompass... (now 
this reality) is damn near centre stage’ (Emery, p.1). 
It should be highlighted that now some 25 years on maladaptive responses seem to be deeply 
entrenched in many nation states and maybe even globally. In which case no adaptation may be 
possible – but this is a particularly dismal prospect and not one that will be pursued further. 
Evidence has already been provided that the causal texture of our macro environment is 
turbulent.  
I believe though that there is hope that we can actively adapt, but there is probably not much of a 
window within which to do this. 
What is required in a turbulent environment where both human changes, such as technological 
responses or anthropogenic climate change, and non-human changes (like ENSO) are 
contributing, over and above tactics, strategy and operations is that all four possible relations 
(L11, L12, L21 and L22) be planned for as a prerequisite for adaptation. This then is Active 
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Adaptive Planning (Emery & Trist, 1973; Williams, 1979), based on an understanding of 
system-environment interactions in a turbulent field. 
Let’s now consider the situation in Australia – given the hugely variable climate, the potential 
for climate to become even more variable and all the maladaptive responses that we have seen, 
could it be that the causal texture is locally vortical? 
In Gloster’s thesis, methods for vortical environments are developed and the key feature of his 
contribution is the creation of ‘a new system of policies and legal dictates, located in that 
system’s task environment’ (1999, p.107). He suggests that a subgroup of the stalemated social 
system can initiate this. However, the sub-group must establish itself as a formal subsystem or 
subculture, so that it can legitimately seek different outcomes from those being sought by the 
dominant group…The sub-group seeks a behavioural response from the system that is different 
from ‘the established pattern of behaviour, locked in by the self-sealing dynamics of the 
dominant power relations within the stalemated system’ (ibid).   
The system principle of the purposefully created policy and legal dictate environment is 
designed to first neutralise, then overthrow the system principle of the stalemated social system 
so that subsequent active adaptive planning can co-produce active adaptation (Young & 
Goricanec, 2003). 
Following our work in researching managerialism and maladaptive responses we sought an 
alternative way of providing higher education and we attempted -- 
a complete reconceptualisation of the University, in our dynamic environment, using 
processes specifically designed to address this level of task in a context where all 
existing institutions have been thoroughly penetrated by the pathology of managerialism 
(Young & Goricanec, 2003, p.7).  
What we found in this case was -- 
(a)fter 16 months of Action Research…that the group is trying to create a Placid, 
Clustered (Type 2) Institution; in what is, essentially, a Government-imposed Disturbed, 
Reactive (Type 3) Operating Environment; within a Turbulent (Type 4) global 
environment; and that this maladaptive outcome is causing the emergence of a Localised 
Vortical field (Type 5 in Type 4) (Young & Goricanec, 2003, p.11).  
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There were multiple levels of contradiction here. It was Gloster’s methods for vortical 
environments that we tried to apply in our alternative provision but we found -- ‘a performative 
contradiction, where the very act of “doing” contextually sensitive Action Research from within 
this framework, contradicts what one claims to be doing’ (Young & Goricanec, 2003, p.1). The 
participants in these processes (a more-or-less homogeneous group of academics) were not up 
to this level of task.  
Returning now to the question – is Australia’s environment locally vortical? We certainly seem 
to have many maladaptive responses, particularly second order ones. Looking to the capabilities 
of organisations (after Bowden & Marton, 1998) could be influential. In our experience 
universities have shown themselves to lack promise. Other organisations (including 
governments) may be more capable – but there is a range of capability with some organisations 
seemingly very capable and many almost incapable. Also there is the possibility of developing 
new organisations using these principles. 
If we want to provide innovations that will survive, thrive or recognise their time has come in 
this environment we must deal with the system-in-its-environment. How do we go about 
sustaining our “solutions”? We will not answer this question directly here, but will consider the 
implications for engineering of what has been explored so far. 
5.4 what emerges for engineering practice? 
The second definition of engineering, in AHD has the same etymology as the first but offers a 
clearly distinct generative metaphor: ‘To plan, manage, and put through by skillful acts or 
contrivance; to maneuver’. Metaphorically, this conjures up a different vision. Here, the active 
voice, and the choice of words provide a subjective as well as an objective flavour to the 
enterprise of engineering. Only subjects can “contrive”, “manoeuvre”, “plan” and “manage”. 
Further, it is social entities that “put through” – not externalised, universal truths. 
weaving together humans and technology 
There is a clear alternative to the social-technology dichotomy and that is a view which sees 
humans and technology as equipotent actors in a seamless web – where no (hierarchical) 
distinction exists between the two. In this alternative view, technology does not pursue its own 
trajectory, through an empty, Newtonian social medium, nor do psychological and social 
variables act transparently through technology. As pointed out above, during the first decades of 
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the 20C, production engineers took a dualistic, technologically deterministic stance, focussing 
on the adaptation of humans to the organisational and technical framework of production 
(Alder, 1997). 
By the 1930s, some researchers in the “Human Relations” tradition, like Mayo (1945) had taken 
up a position identified as Theory Y (as opposed to what McGregor (1960) refers to as Theory 
X – the Fordist position) that drew heavily on the famous Hawthorne studies. They 
(re)discovered the so-called human factor in engineering and production but while their findings 
undermined the idea of technological determinism they felt obliged to move to the opposite 
extreme -- ‘technology and its mechanical and physical requirements are relatively unimportant 
compared to the social and psychological situation’ (Drucker, 1952, p.258). 
In response to this gap between the social and technical, the concept of the socio-technical 
system emerged from the Tavistock Institute in London during the 1950s (Emery & Trist, 
1960). Following the nationalisation of the UK coal industry in 1947, a series of studies had 
demonstrated that a causal link could not be established between technological change, on the 
one hand, or social conditions, on the other, and productivity. It became apparent that: 
‘So close is the relationship between the various aspects, that the social and the 
psychological can only be understood in terms of the detailed engineering facts, and the 
way the technological system as a whole behaves’ (Emery & Trist, 1960, p.84). 
System outputs could only be explained by seeing technology as embedded within a matrix of 
social, political and economic assumptions which did not automatically change to exploit (or 
adapt to) new technologies. Their concept stressed the reciprocal interrelationship between 
humans and machines and led to programs which were designed to jointly optimise the social 
and technical conditions of production in such a way that efficiency and humanity would no 
longer contradict each other. 
The epistemology of socio-technical systems was, therefore, consciously developed to cope 
with the theoretical and practical problems of real technological change and the research 
programs were aimed at understanding the complexity of real situations, in situ, rather than 
analysing separate social and technical variables under controlled experimental conditions. This 
meant that the focus of research was changed – from “proving” either the primacy of 
technological or social causation of outcomes, to helping the participants design a work 
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situation which was more desirable and feasible – using alternative socio-technical designs. 
At the same time, the conditions and methodologies required to produce such outcomes became 
the focus of the research endeavour. 
An important theme in socio-technical thinking is heterogeneity (both people and objects are 
considered), as opposed to the homogeneity of traditional engineering (things) or social science 
(people) or even environmentalists and environmental disciplines (“natural” things both animate 
and inanimate). Socio-technical design involves the building of heterogeneous 
networks/systems/ensembles of people, instruments of power (eg. authority, regulations, laws), 
protocols, experiments, machines, colleagues, allies and other stakeholders. 
weaving together humans, technology, “natural” environment… 
My concept stresses the reciprocal interrelationship between humans, machines and the natural 
environment and can lead to programs which are designed to jointly optimise the social, 
natural environmental and technical conditions of living in such a way that efficiency, 
humanity and sustainability would no longer contradict each other. 
The epistemology of the socio-enviro-technical systems is therefore, consciously developed to 
cope with the theoretical and practical problems of real change. This means that the focus of 
research changes to helping the participants design life (including work, community, family 
and personal) situations which are more sustaining, desirable and feasible – using 
alternative socio-enviro-technical designs. At the same time, the conditions and methodologies 
required to produce such outcomes become the focus of the research endeavour.  
With the complex, composite nature of socio(eco)technical entities, the actors need to follow in 
the footsteps of Daedalus the prototypical engineer -- 
‘folding, weaving, plotting, contriving, finding solutions where none are visible, using 
any expedient at hand, in the cracks and gaps of ordinary routines, swapping properties 
among inert, animal, symbolic, concrete, and human materials’ (Latour, 1999b, p.190).  
In this way I am seeking the metaphoric thread of Ariadne to find my way out of this labyrinth 
but this labyrinth is not like those of old which are set in concrete, or even in hedges – this is a 
much more dynamic, emerging turbulent, labyrinthine predicament. In order to bring the 
environment, the social and the technical together, it is necessary to weave social, 
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environmental and technical expertise together – if they are not separate, they don’t need to be 
added, or aggregated, into a baroque “lump” or “heap”. 
5.4.1 What might generative metaphors for engineering practice “look” 
like? 
Using the second definition of engineering, that is, planning, managing, and putting through by 
skilful acts or contrivance; manoeuvring and the nature of our predicament, as “triggers” for 
thought, the following potential metaphors “spring” to mind: 
• Daedalian, -aen, a. In the manner of Daedalus the Greek artificer; intricate; labyrinthine 
[f. L Daedaleus of Daedalus (cf Gk daidaleos cunningly wrought] (OED) 
• daedal, a. (poet.). Skilful, inventive; mazy; manifold, complex, mysterious [f. L f. Gk 
daidalos skilful, variegated] (OED) and 
• labyrinth as before. 
What appeals in the words daedal, Daedalian and labyrinth? The appeal is not only ‘the 
entangled state of affairs’ of the labyrinth, but also the ‘cunningly wrought’ of the Daedalian 
enterprise, that is, a process to produce a seemingly improbable or intractable result 
(mathematics in particular is ‘cunningly wrought’). They also imply generative thinking; 
adaptation; they are about wicked-problem resolving; they are clearly about mapping a territory 
and, collectively, they are, as the President of the US Academy of Engineering said ‘synthetic – 
striv(ing) to create what can be’ (Wulff, 1998). 
What is the new metaphor for engineering? Our suggestion in our paper (Young et al, 2004) 
was acting like Daedalus in creating and escaping from the labyrinth. In the myth, Daedalus is 
inspired by the river Maeander in creating the labyrinth to house the monster – the Minotaur. 
Daedalus was trapped in his own labyrinth and escaped from it by attaching feathers to a 
winglike frame and flying from the window – an innovative escape. All this occurs within a 
social and political setting of people that Daedalus both works with and against. 
While this metaphor does not directly capture the need to work in concert with others to 
overcome the artificial boundaries of traditional disciplines, it does show him as dependent on 
others. By contrast, in Science in Action Bruno Latour (1987) does directly articulate this 
requirement – we will see more of this in later chapters. 
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5.4.2 linking a generative metaphor to our predicament  
We can now link this to our predicament of sustaining. We (collectively that is, over many 
years, and not just a single engineer or even just engineers but other disciplines and even more 
broadly humans – mainly from Western nations) have created – with good intentions to solve 
the presenting problems and with good results in that we have improved millions of lives – a 
labyrinthine problem. Now we are trapped with the monster and we do not seem to have any 
easy ways out. How do we create the equivalent of the wings of Daedalus to escape from our 
invention? This brings us to a two part answer in the form of propositions. The first of these 
propositions for engineering practice is: 
Proposition 1:  
Engineering as creating what can be, consistent with collective goals. 
My first proposition for engineering is that it follows its creative drive, its proud history of 
serving the survival needs of humanity as seen previously but now engineering needs to serve 
the survival needs of the world (which includes humanity but lots more). This is the synthetic 
striving to create what can be --  
 ‘(e)ngineering is not “applied science”. To be sure, our understanding of nature is one 
of the constraints we work under, but it is far from the only one, it is seldom the hardest 
one, and almost never the limiting one … Growing global competition and the 
subsequent restructuring of industry, the shift from defence to civilian work, the use of 
new materials and biological processes, and the explosion of information technology – 
both as a part of the process of engineering and as part of the product – have 
dramatically and irreversibly changed how engineers work. If anything the pace of 
change is accelerating’ (Wulff, 1998, p.3). 
Notice that he describes nature as a constraint rather than that we are part of a seamless web 
with nature. Young and I (2003) argued that engineered outcomes and the projects that produce 
them must of necessity be informed by the characteristics of their context. We extended Wulff’s 
argument to put stress very firmly on the dynamic characteristics of the context – in other 
words, on the way in which the context and its constituent components are changing. And it 
could be that nature, a constituent component(s), is becoming a limiting constraint as humanity 
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deeply changes the world and its processes. By stressing the dynamic characteristics of the 
context we changed the nature of the task from “fitting in” to “adapting with”. The emphasis 
here is also on collective goals rather than the individual goals of engineers or even of 
engineering. In this conception it is necessary for engineers and engineering to some-how find a 
way of collecting these goals rather than assuming that we know already. 
Having described our predicament – its labyrinthine and turbulent qualities – and proposed 
engineering as ‘creating what can be, consistent with collective goals’ – we have the basis of a 
second proposition… 
Proposition 2:  
Creating an escape from our labyrinthine, turbulent predicament.  
This then is quite an amazing task for engineering and consistent with the view of creating what 
can be. Engineers would be taking responsibility for the unintended and unforeseen 
consequences of our prior focus on human needs. We would be facing up to the urgent need to 
integrate across people and planet. We would follow in the Daedalian tradition of putting our 
engineering ingenuity to the task of achieving an escape from our labyrinthine, turbulent 
predicament. 
5.5  linking forward  
We return to sustainability in another confluence chapter because it is purported to be the “way-
forward” in looking to the future bringing together the social, environmental and economic.  
No overt methodological frame is used as this is not how I experience the world – it presents 
itself in its all-at-once-ness. The first sections of this chapter are a narrative intended to “show” 
synthetically and directly how sustainability-is-practised in conferences. More though can be 
understood allegorically, that is, by “reading between the lines”. The second part of the chapter 
applies Emery’s learning framework to “show” the issues with sustainability-as-it-is-practised. 
Also, this coming chapter provides an exemplar from which I can directly abduct an alternative 
approach. This, together with Chapter 7, forms a short cycle pair on methods. 
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6 sustainability as it is practised  
Attendance at conferences and the presentation 
of papers or posters are often requirements of 
PhD candidacy. Conferences provide 
academics, researchers and practitioners 
spaces in which to understand the latest 
technical ideas in what is seen as the fast 
moving (Neward, 2008) landscape of research, 
to present their ideas in a critical setting of 
“experts”, as well as to meet others that are 
working in the field and to get a sense of 
“where things are up to”. 
During my research I took the opportunity to 
attend five conferences25 (two in engineering 
education, one in universities, one in action 
research and one in industry) all of which 
related some concern with and two directly addressing sustainability. Three were international 
conferences and two had mainly Australian-based participants.  
My experiences in these conferences provided me with some insight into how people are 
practising sustainability – through their papers as presented and as documented in the 
proceedings; in the interactions in the conferences themselves and through the “design” of the 
conferences. 
In this chapter I describe my experience of conventional conferences in sustainability through 
consolidating, merging and synthesising my experiences of these events into an allegorical, 
narrative form (I thus use my reflexive font). Any similarities between this synthesized example 
and any particular conference is unintentional.  
6.1 Attending a Conventional Sustainability Conference 
This particular conference appealed to me as it brought together two parts of the predicament of 
sustainability: production and consumption. Also in the section “Who should attend?” the brochure 
described it as a “conference structured for decision makers”. It also drew on the words of the 
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World Business Council for Sustainable Development that a “sustainable future will require much 
more than doing things more efficiently. The shift to living sustainably will imply significant 
changes”, with the conference providing delegates “an opportunity to understand the change and 
how to adapt and benefit from it”. Further, the conference sessions were advertised as 
“facilitated debates”. This was all consistent with what I felt needed to be done at that time.  
In addition to attending this conference I applied to present a paper and was given the opportunity 
to present a poster on the Postgraduate Program in Sustainability (PPS). 
6.2 Sustainability Conference Day 1 
I enter into a world of plenty – there is little concern here for the impact of what is being done on 
the environment or on people. I take the elevator up three levels. Huge expanses of space surround 
me. I search for the Sustainability Conference amongst the list of conferences happening today.  
Following the signs for the Sustainability Conference I find the meeting space (in the atrium) 
outside the rooms and stand around with many people, browse the displays, some still not complete 
and some unmanned, but this was to be expected as the agenda says they are available in the 
breaks. I note that there are places in the trade display for the state government sustainability 
group and an environment group, and that there are three businesses – one in automobiles and two 
in computers; five businesses supporting other businesses (consulting firms?) working in different 
aspects of sustainability. There are brochures available from these different organisations and 
more – selling their wares via stacks of printed paper – consulting, information bases, an 
environment and community report from an automobile manufacturer (several), recycling services, 
renewable energy for business, environmentally smart IT, new sustainability organisation in a state 
government (several), several Cleaner Production organisations in different Countries, a Cleaner 
Production guide for small to medium enterprises,  Information Kit for a Development Bank and 
calls for papers for journals. 
I peruse the Event Sustainability section of the booklet: I am pleased to see that they have 
thought about the satchels, the name tags including the lanyards being re-used, green power, and 
waste (avoiding it, reusable packaging, explaining benefits of waste management to patrons), online 
registration, and accommodation venues. The conference papers were included on a Compact Disc. I 
wonder to myself what hasn’t been considered. 
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For overseas participants the brochure for the conference advertises the host city with the 
following words:  
‘Australia is recognised internationally as one of the safest (World Health Organisation) 
and most welcoming countries for travellers to visit. Nowhere will you find these qualities 
more evident than in Australia’s business, sporting and events capital, “Cityest”. A modern, 
multicultural metropolis of some 3.5 million people, it is a city that has made blending 
business with pleasure, a sophisticated art form and a way of life. 
“Cityest” is a style-setter with some of the best shopping and nightlife in Australia. 
Whether you’re searching for high fashion or vintage clothing, souvenirs or clubs and jazz 
venues, “Cityest” has it all. Venture outside “Cityest” and you find diverse regional areas 
and attractions including dramatic coastlines, outback wilderness, vineyards, rugged peaks 
and wildlife’. 
I wonder about consumption… 
The brochure also suggests eight Hotels with tariffs from $204 (Room Only) to $105 (Bed and 
Breakfast) per night. These were quoted as special prices for delegates – presumably not many 
individuals could afford this – my delegate fees have been paid by my university. I assume 
organisations are paying – what does this say about individuals and small not-for-profit groups and 
their ability to pay? The venue is described as ‘a world-class facility that satisfies the 
requirements of national and international conventions, large-scale public and trade exhibitions, 
corporate meetings and specialized events. It has also won a number of international and national 
awards.’ It is not explicitly mentioned that any of these awards are in relation to sustainability – I 
wonder again. 
I peruse today’s agenda. What will I choose in the concurrent sessions? Business meeting the 
challenges, Models of sustainable regional development, Capacity building, or Patterns of 
consumption for the 1st session? The choices for the second concurrent session are – How should 
governments, NGOs and business work together to enhance cleaner production? Consumers and 
consumption or The role of the finance sector and capital markets. As these are in the afternoon I 
can put this decision off – I feel some relief, as there is no clear choice for me. 
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We spend the whole of the morning sessions seated in a room with no natural light, air-conditioning 
and with four keynote speakers presenting to us from different contexts and perspectives: 
One speaker’s role is to mainstream environmental objectives in lending and non-lending 
operations: and providing leadership to the global environmental agenda with internal 
constituents and external stakeholders including the expansion and strengthening of global 
environmental partnerships. 
Another is the Head of the Production and Consumption branch of an International 
Environment Program. 
Another has as his current responsibilities, ensuring that lending operations comply with 
safeguard policies on environment, indigenous peoples, and involuntary resettlement and 
promoting his organisation’s environmental agenda. And this speaker calls for making 
profits, protecting our planet: corporate responsibility for environmental performance. 
Another is with a large computer company and is the environmental director for Asia-
Pacific. 
Morning and afternoon teas are biscuits, cakes, tea and coffee. It was very tempting to eat and 
drink stimulants despite sitting on my bottom for many hours. There was lots of crockery and 
cutlery to wash. We queue for lunch of sandwiches and finger food (most with meat, fish and dairy 
products), fruit and cake, with tea and coffee, orange juice and water in 200 mL bottles. I refill 
my bottle from the tap in the bathroom as I wonder about the sense in this, the waste and 
disposal. Again it was very tempting to eat too much and I wasn’t the only one tempted. I wonder 
about dishwashers and cleaning products, where was it all produced, how many kilometres had it 
travelled? There was some time to meet people and discuss some aspects of the conference – it 
looked like people mainly met with people they already knew. 
At the poster presentations I got a few people to look at my poster to discuss the PPS. A couple of 
young people (prospective students?) discussed the program with me and how it could work for 
them. 
For the first Concurrent Session I chose Capacity Building, even though I would like to hear 
several of the papers in Patterns of Consumption (such as ‘Consumerism as disease: rethinking 
over-consumption and affluenza’). 
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In my session there were four presenters from four different countries talking about very 
different notions of capacity, as well as different notions of how to build it. Here there was no 
time to have a meaningful discussion of what this might mean for building capacity for what and 
how…surely these are significant questions. 
As I chose capacity building in the earlier session I chose Consumers and Consumption for the 
discussion session. The title of the discussion made it sound like a much more interactive session 
than the previous one, ‘open dialogue with … contemporaries … dealing with specific subjects. From 
dialogue comes opportunities and learning between business, government and community’, so I was 
looking forward to it.  
In fact there were three “strategic monologues” (an evocative description of (supposed) discussion 
where someone has their own ideology which they want to impose on others)26 by the panellists. 
Then each of the so-called questions from the audience turned out to be more of the same – each 
person had their own position from which they were speaking; there was little time for sharing of 
perspectives; there was very limited time for questions and for the answers or for reflection on 
how the presentations and the questions fitted together. 
Maybe my choice to shift from capacity building to Consumers and Consumption was not a good one. 
I may have had the chance to ask my questions if I had stayed with capacity building, but who 
knows? 
6.2.1 reflections on consumers and consumption 
There was a long break until the Conference Dinner. I avoided travel by staying close by and 
before dinner I calculated the numbers of each type of role of the participants for each of the 
Australian (122) and International delegates (67 Asia-Pacific & 85 Other). I noted that there were 
lots of consultants and university people (94 out of 250) offering advice to those that do (I 
included myself with those offering advice of course) – this is without including the Non-
Government Organisations and the International Organisations (if you do then it is 144 out of 250 
– over half). 
Off to the casino for a dinner of three courses and as much alcohol as you could drink – wine and 
beer, plus tea and coffee for around 250+ people. There were choices for the main and entrée but 
they all included meat or fish (including shellfish). Desserts were heavy in dairy products and 
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chocolate. You had to specifically ask for vegetarian or vegan. I noted that very few of these 
meals were served up. 
Again we had a speaker for about an hour – it was serious and amusing, but I felt “full-up” with 
food and ideas. There was a great band for dancing – although there was little space and for the 
few there was a lack of approval felt. 
6.3 Sustainability Conference Day 2 
The second day was similar to the first; we were again seated in a room with no natural light, air-
conditioning and with people speaking at us, people presented their own positions and reported on 
their companies’ perspectives – showing us what they had done, none raised questions with the 
audience. There was little time for questions following these presentations – apparently it was 
important to meet the timetable as set out. 
The Plenary Session was pedestrian stuff: reporting on what went on in the sessions. It was 
announced that a post-conference report was to be sent out (this arrived a few weeks later). 
6.3.1 Post-Conference Report 
In this report the event was described as having ‘the aim of greater dialogue on the important 
issues faced by all the countries and particularly our region in transforming systems to achieve 
sustainable economic development’. This idea of transforming had not been apparent in the 
literature prior to the conference nor in the conference sessions. It made its first appearance in 
the post-conference report and even then no effort was made to describe what the nature of the 
transformation might be or how we may get an understanding of what outcome we may want to 
achieve (and which we is this?) The post-conference report recognised the need for 
transformation of: 
1. The business of production 
2. Our patterns of consumption – here particular distinction was made between developed and 
developing countries. For example, developing countries may perceive a threat from 
developed countries lowering their material consumption as they expand theirs.   
3. Financing and Investment 
4. Policy Framework 
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5. Products and services 
Also the following statement was made -- 
‘(i)mplementing Sustainable Consumption and Production into the overall sustainable 
development agenda requires a two-tier approach. One is to increase the resource 
efficiency and prevent pollution in existing production and consumption activities. The 
other is to identify and implement sustainable options for development.’  
It was not clear from the report how this two-tier approach was determined as the best, but I 
assume that it came about as a result of the differences between the positions of developing and 
developed countries. 
6.4 analysis & discussion 
In the papers introducing the conference it was recognised that for a sustainable future we 
would need more than doing the same things more efficiently – there would need to be 
significant changes to our current systems of production and consumption. (It should be noted 
here that this conference for the first time brought together what had been seen as two distinctly 
different parts of a process). The stated purpose of the conference was to provide delegates with 
an opportunity to understand the change and how to adapt and benefit from it, but is 
‘understanding’ and ‘knowing how to’ enough? 
Post-conference it was reported that after 15 years of cleaner production (including a number 
of conferences of this type) with growing understanding and knowing how to (including that 
they can save significant amounts of money) business has not been transformed. 
The conference organisers suggest that we need to learn some lessons from this… 
I suggest that we could start by answering the following question: 
If these are the 5 things (listed above) that need to be done how do we go about doing it? How 
do we organise ourselves to undertake these transformations?  
I would add a sixth and a seventh issue to those points above: 
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6. Transforming the whole within which the business of production, our patterns of 
consumption, financing and investment, policy frameworks, products and services sit 
(this would be my first dot point). 
7. Changing sustainability conferences to take on the task of transforming. 
This example of a conventional sustainability conference “shows” some of the underlying 
assumptions that are made by both conference organisers and participants. That somehow 
bringing people from all over the world together to sit and listen to a set of “strategic 
monologues” on very interesting and of themselves useful papers is going to somehow 
transform our practice into one that is sustainable. The fact that this has continued over fifteen 
years consuming a massive amount of resources is indicative of the nature of the sustainability 
problem. In air travel alone, to attend each of these conferences 178.3 million tonnes of CO2  
was generated in flying 1.6 million kilometres. What is it that we can only do together? Futher, 
it amazes me that no one has noticed that these transformations have not been happening 
(Bateson’s Learning Type Zero). 
The nature of the conventional conference structure seen here is an “event” (rather than a 
process), it is fixed (times, agenda, etc) by the organisers, speakers “represent” (this word is 
used as it is more like the common usage which is filling the place of, being a substitute or 
deputy for rather than re-present which is describing, portraying a likeness of (OED)) their 
prepared papers, the presentations come from different angles, there is little time for 
questioning, many questions are posed in the form of “strategic monologues”, little time for 
answering or for following up on issues that emerge from the discussion. The participants often 
publicly craft ‘a representation and a reality that is singular and definite’ (Law, 2004, p.89), as if 
there are no questions that still exist, as if all the connections that they make are definite and 
clear to them and to others. Also, the material in the papers was often focused on the successes. 
Failures to make progress were rarely described let alone the overall failure of transformation 
recognised in the post-conference report.  
This conference piece alludes to the discourse and illustrates the ‘thought collective’ (Fleck, 
1977) around sustainability. Sustainability in these types of conferences suffers from the same 
problems as other areas or disciplines – it gets broken up, fragmented, there is no time to hear, 
no time to think before moving on to the next topic. The conference is designed to “download” - 
this mode of communication is similar to Latour’s ‘double-click’ description of getting 
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information – it arrives in great lumps, it is de-contextualised, and people are given no real time 
or space in which to integrate the information. More happens in the breaks than happens in the 
sessions but this is not acted upon by conference organisers and it is not used as the basis of 
design.  
Using Emery’s Traditional Learning frame (1993a, p.83) shown with editing (some deletion and 
additions in italic) for this context in Table 5, the object of learning in this type of conference is 
transmission of existing knowledge – what the presenters have done and learnt – the participants 
individually are expected to abstract generic concepts from the presentations. The learning is 
controlled by the presenter, creating asymmetrical dependence. The learning is coordinated via 
a conference agenda, with times specified by the conference coordinators. The participants are 
expected to pay attention and the presenter lectures, the systems principle is pedagogy – the 
“mirror”. The experience is one of work or serious drudgery. The dominant group emotion is of 
dependence and fight or flight. There is a separation of means and ends and people are asked to 
conform and be self-centred.  
There is not much direct outcome of the conference process. Indeed most of the material is 
prepared prior to the conference proceeding. Sometimes after the conference a small group of 
people “represent” their version of the conference “outcomes”. In the example presented, this is 
a post-conference report. In this case the nature of the post-conference report was not consistent 
with what was represented prior or occurred within the conference. 
In this type of conference the organisers do not set-up (or design) the activities so that there is a 
high probability that something new is discovered emerging from the work. Rather they rely on 
individuals’ capacity to find something new. 
In attending sustainability conferences, thoughts about special interests are often in my mind – I 
am often left wondering who are these people, who do they work for, what affiliations do they 
have, why did they choose to present the material that they presented, what didn’t they present, 
what are their special interests (Law, 2004, p.144), what did they assume that we knew already?  
And in designing sustainability conferences what do the organisers want the participants to get 
out of it? Why did they design it this way? And if the conference is really about transformation 
to a new way of working is this the best way to go about it? It often seems more like 
reinforcement of our existing way of working. In Neward’s Reason for attending conferences  
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 Traditional Paradigm The Ecological Paradigm 
The Practice   
Object of learning Transmission of existing 
knowledge, abstraction of 
generic concepts 
Perception of invariants; 
discovery of serial concepts; 
discovery of universal in the 
particular 
Control of learning Asymmetrical 
dependence: presenter-
delegate 
Symmetrical dependence: co-
learners; co-operation of 
learners 
Co-ordination of 
learning 
(a) Behaviour 
settings 
(b) Timing 
Lecture Theatre, 
conference/session 
agenda 
Community settings 
synchronized to and negotiated 
with community settings 
Learning activity Paying attention Discrimination, differentiation, 
searching, creating 
Teaching activity Lecturing Creating and re-creating 
learning settings 
System principle 
(after Abrams 1953)  
Pedagogy: the “mirror” Discovery: “the lamp” 
The Experience   
Cultural Mode Work: “serious drudgery” Active leisure: “exciting, 
frustrating” 
Dominant group 
emotions 
(after Bion 1961)  
Dependency: flight-fight Pairing 
Personal 
development 
Conformity; bullying. 
Divorce of means and 
ends; self-centredness 
Tolerance of individuality; depth 
and integration; homonomy; 
learning as living 
 
Table 5: Traditional Teaching and Ecological Learning compared 
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blog (2008) he makes a case for being able to see ourselves relatively – and in this case, relative 
to the rest of the industry that we are in as well as in teams. Surely though with sustainability 
there is a much bigger thing to see ourselves relative too – our environment and by this it 
doesn’t just mean the industry we find ourselves in, or even industries more generally or the 
‘natural’ environment, it means the whole mixed, complex mess of trends and concerns that we 
have. And how do we get a handle on this in a conference designed in the way of this empirical 
example? We set ourselves an almost impossible challenge. 
6.5 what emerges?  
Sustainability is often posed as the “answer” to our problems, or sometimes, when things are 
perceived in various disciplines or from different perspectives, it is one of the many answers 
that we need. There is a lot going on in sustainability – different understandings depending on 
person, organisation, situation; complexity. There is not necessarily any congruence between 
rhetoric and what happens. 
Conferences are part of professional practice. Conferences are often posited as places where 
answers to questions can be found. This exemplar of a conventional sustainability conference is 
more suited to mirroring, dependence, flight or fight, separation of means and ends, 
conformance and self-centredness. Its design focuses on individuals and their answers to the 
questions that they have posed or that others have posed for them. These types of conferences 
are traditional learning environments that are not conducive to systemic learning. 
There is recognition though that significant changes are required, even to the point of (some) 
recognising the need to transform the whole business, but there is no real understanding that the 
practices being used (even in conferences) are not conducive to transformation of whole 
systems (such as production and consumption) with their attendant processes (financing and 
investment, supply chains) and frameworks (policy), that are part of and totally interconnected 
with the world. 
6.6  linking forward  
Tempting though it may be to sort out the mess raised by this sustainability conference chapter, 
remember John Law’s injunction in the first page of After Method (2004) ‘If this is an awful 
mess…would something less messy make a mess of describing it?’  
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This chapter has described my experience of conferences that are concerned with sustainability. 
Apart from using Emery’s ecological learning to explicate the issues it does not make 
connection with all the possible “best practices” in conference design, as these are not in my 
experiences as described here actually put into practice. The next chapter looks at some 
methods that potentially resolve the problems associated with these conventional conference 
(and by inference sustainability) methods. 
(some) method that transforms is the second in this pair of chapters on methods. Some methods 
are described that are cognisant of this messy, totally-interconnected world, connect with people 
through their experiences and are used to inspire innovation. The entry to this chapter is through 
the idea of transforming potentials. 
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7 (some) method that transforms 
7.1 exploring transforming 
potentials 
The idea of transforming is not new to 
engineering, transformations are used in 
engineering mathematics. Processes are viewed 
from other domains, especially where there are 
discontinuities or equations are non-
homogenous (Kreyszig 1983), and in doing this 
we can gain greater insight into the nature of 
these processes via mapping of one space onto 
another or onto itself. This transformation can 
make the problem more malleable, easier to 
solve – operations difficult in one domain may 
be simpler in another. By shifting perspectives 
we can make them easier.  
Although transformational leadership is now offered as a response to issues this practice is often 
for individuals. It is described by Burns as offering ‘a purpose that transcends short-term goals 
and focuses on higher order intrinsic needs. This results in followers identifying with the needs 
of the leader’ (1978, p.67). My concern is who chooses these values that will be followed? In 
this approach followers identify with the needs of the leader, but this relies on the leader. Bass 
notes that transformational political leaders may also use -- ‘their authority and power to 
radically reshape through coercive means the social and physical environment, thus destroying 
the old way of life and making way for a new one’ (1985, p.18).  
We have seen much of this in the work of experts and managers in the managerialist approach 
decribed earlier. Hames on the other hand asks -- 
‘what if the leadership we need in order to change the human condition is something 
quite different from that we are used to? We need to transcend the practice of leadership 
as an extreme sport … In this context, network sports are in. Living systems leadership 
is in’ (quoted in Brochure of oases Graduate School, 2008). 
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In the work described in this thesis it is this living systems leadership that is sought, where 
leaders tease out, together with the “stakeholders”, the values to be followed.  
Although transformation has not been explicitly explored till now it has been implicitly 
included in this thesis. A key idea of this thesis is transforming. Transforming though is not a 
place for me to start in practice. Transformation potentially emerges from being, knowing and 
doing differently, in the same way that the statue emerges from the marble when the sculptor 
acts on it. The word potential is important as in the practice envisaged here openings in time, 
space and structures are being created that are more likely to inspire movement and elicit 
transformations, there are no guarantees.  
7.2 exploring some methods – another conference design 
Thinking now about the conventional conference – the “design” of its formal structure and 
processes does not acknowledge our extraordinarily complex, dynamic predicament. Even more 
lacking is the time and space in which to work collectively to consider what we could do about 
this. Further, it lacks engagement of and with people – engagement is left to individual, 
informal, unstructured spaces. The “formal” emphasis is on presentation of individual views and 
positions, often based on detailed research. People who present at such conferences are 
displaying their focus on particular issues or approaches to solving the sustainability questions. 
There is little time for conversation – the time for this is sandwiched between the bulky (time-
wise) presentation sessions. There is no emphasis on any activity that has the potential for 
transformation, especially for groups of people.  
Drawing on experiences prior to PhD candidature – Search Conferences (Emery & Emery, 
1978) and Participative Design Conferences (Emery & Emery, 1974) were recognised as 
methods that could potentially transform views of, and engagement with, our dynamic 
environment, providing hope that both individuals and groups could do something in response. 
Young and I wrote four papers in the early process of research. These papers will be used to 
inform the work of this chapter (Goricanec & Young, 2003, Young & Goricanec 2001; 2003, 
Young et al, 2004).  
7.3 introducing search and design conferences 
The design of Search and Participative Design Conferences varies depending on the 
circumstances but it is important to plan to have the range of participants that can re-present10 
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the different aspects of the “issue” and thus it aims for heterogeneity of participation. These 
conferences are therefore better done in very large groups. 
A typical structured inquiry of this kind asks: 
• What are the trends in our environment that we are adapting with?  
• What are Desirable and Feasible Future(s)? 
• What actions can we plan individually and as groups to move towards desirable and 
feasible future(s)? 
The inquiry is based on the Directive Correlation (Sommerhoff, 1969), articulated in Section 
7.3.1. 
The trends link the past with the present and the future. The responses to this question often 
start out in the global environment (indeed we encourage this as a starting point) and ends up 
moving closer to the local environment for the group (the organisations’ operating environment) 
and includes the sorts of things that we deal with on a daily basis (what are called loosely 
“inputs” and “outputs”). 
It is the articulation of desirable and feasible futures that is essential – this does not mean that 
these scenarios are forecasts or predictions for the future as no one can know how the future 
will “play-out”. These articulated futures though do provide a shared sense of what is possible 
and that these possibilities include changing the environment within which we are living as well 
as the “system”. The development of desirable futures can be separated from the development 
of feasible futures depending on the group that we are working with (often engineers find it 
difficult to envisage something if they have to also consider whether it is feasible). 
It is at the stage of collective and individual Action Planning, based on the data in the room – 
the trends in the environment, the likely futures, and envisaged desirable and feasible futures – 
that people become hopeful, they can see a role for themselves, as well as seeing that others 
individually can do things that move towards the desirable and feasible futures. Even though 
individuals may feel that they cannot do some of the work themselves, they are often 
encouraged by the collective work that can be done and that others can do things that they 
cannot. 
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The first question is always worked in plenary. The second and third questions of the scan can 
be done in smaller groups. Often groups are separated purposefully e.g. those internal to an 
organisation are separated from “externals” – it often comes as a surprise to the internal people 
that outsiders are aware of aspects of the organisation that they believed were known only to 
them (such as that they have difficulty moving from planning to implementation). This is 
testament to the open nature of organisations. 
If a specific “thing” is suggested – such as a product, a process, or a system – a Participative 
Design Conference may be required. These though use the material generated in the Search 
Conference to inform the design of the “thingy”. The participation in these conferences is 
usually biased towards people who do. 
These then are distinctly different conference designs than that of the conventional conference 
of the previous chapter. There is structured inquiry that seeks collective understandings of 
participants of the context within which they are adapting, their views of how this will “pan-
out” if we do not intervene and if they could their desirable and feasible futures. On the basis of 
this contextual material individual and collective action plans are developed – outcomes are 
achieved. The design of such conferences is based on a Framework of Ideas (this idea was first 
raised in the Action Research Framing of the Introduction) which is now described. 
7.3.1 consciously adapting with a turbulent environment 
The explication of these models is done here, for it is intended to make adaptation conscious 
and contextual.  
The directive correlation in Image 7, as developed by Sommerhoff (1969; 1981), is a formalism 
for describing the process of adaptation, involving the interactions between the system and its 
environment. In this diagram a turbulent background has been added to reinforce that this is the 
type of environment within which we are now adapting. 
The directive correlation informs the nature and the order of the search conference questions 
that have been described in Section 7.3. The structured inquiry begins with the environment 
with: What are the trends in our environment that we are adapting with? Participants are 
encouraged to begin with the most macro of trends. The discussion gradually closes in on the 
system’s operating environment. 
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Image 7: Directive Correlation (with addition of turbulent environment) 
When people are asked to scan the environment within which they live and identify the trends 
that they are adapting with, they respond with a vast array, reflecting its turbulent nature. 
Examples can be found in Appendix A. In these you can see the vast array of “things” that 
people are taking into account in their lives.  
Important for this thesis is that in my experience of conventional conferences and other 
meetings, people are rarely asked to articulate their “environment” and to share it with others so 
that collective understanding and action is possible. 
Now returning to the directive correlation, this can be read in the following way: there is a 
history of this system-in-its-environment over time (L11, L22), that is the system has been 
responding with its environment and the system currently (t0) is seeking or planning a desirable 
and feasible future. The actual future will be formed by the system-in-its-environment (L11’, 
L22’), over time; that is, it will be co-produced by interactions and relationships occurring 
between the system and its environment (in both directions L12 and L21) as well as those that 
occur within the system. 
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Note that the unit of analysis (or the unit of intention) is the system-in-its-environment – the 
(L11, L22) relationship and, thereby, adaptation is defined as a dynamic relationship, not a 
fixed state. 
Further, the (L21, L12) co-produces the future - it is the interactions of [the system with 
environment  the environment with the system] that produces the future. This, in turn, 
means that we can seek to change the environment within which the system resides. We could 
choose to ‘reconfigure the causal texture of the environment’ in a way that looks to a 
sustaining future and supports the future adaptation of the system-environment, that is, we could 
stabilise the causal texture (Gloster, 1999). 
The way to physically have this ‘appreciation of the forces produced by the circulating system-
environment interdependencies in parallel’ (Hadgraft & Muir, 2003, p.92) is to publicly write 
the record and have the record in place on the walls of the room – this then encompasses the 
conversation that is held. It is within this (physically visible) context that further structured 
inquiry is held. 
The integration of considerations of system and environment as the basis of co-evolution is 
emphasised and also the distinction of the operating and macro environment. We have seen that 
just understanding the operating environment is not enough – focusing attention at this level can 
mean that maladaptation can occur, especially if the view of the operating environment is 
restricted to the discipline, organisation or industry within which the system/organisation sits. 
We also know that the changes in our climate are occurring on a macro scale.  
An example of the use of the Directive Correlation is shown in Diagram 7 illustrating these 
points. It represents a non-zero sum game, where the outcome is for two players (a system and 
its environment) to simultaneously guess two numbers which add up to 10.  
In this example, on the first round, both the system and its environment respond with “2”, co-
producing a “4”. On the second round, the system, assuming that the environment will stick on 
“2”, guesses “8” (since 2+8=10). However, s/he has misread the environmental dynamics and a 
“12” is co-produced. Assuming that the environmental dynamics consist of a simple linear 
series, where “2” will be added each round, the system guesses “4” (since, 4+2=6, and 6+4=10). 
Again the system has misread the environment, it is, in fact doubling every cycle, and the 
appropriate response to co-produce adaptation is now “-6” (since 8*2=16, and 16-6=10). 
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Diagram 7: Example of use of the Directive Correlation – Non Zero-Sum Game 
The example makes it clear that, unless one can read the dynamics of the environment, the game 
cannot be played successfully. It is also clear that the (L11, L22) is a relationship – in this case 
the simple sum of the “guesses”, but a relationship, nevertheless. It is also clear that outcomes 
are co-produced and over the longer term, this contextualist approach points to the co-evolution 
of systems and their environments. 
 
Diagram 8: Another example – encouraging women into engineering 
 - 124 -  
Another example of system-environment interaction employing the directive correlation is 
shown in Diagram 8. In this diagram, time progresses from left to right with what can be 
considered as two processes interacting with each other through the system-in-it’s-environment 
to get women into engineering. These processes are “system changes” – those of engineering 
and engineering education and “environment changes” – those of the women, their parents, 
teachers, peers, the profession, the public, the type of work.  
These two examples demonstrate the key features of adaptation and as such, provide the basis 
for designing an adaptive planning methodology. The key features can be summarised below: 
• Unless you can read the dynamics of your environment as a whole (not just as L12 and 
L21), adaptation is impossible – in more direct terms, designing a desirable and feasible 
future is impossible. 
• The unit which must be planned for is “the system-in-its-environment” (not just the 
system!)  
• The desirable and feasible future will be co-produced by the system in its environment, 
and needs to be understood in terms of specific relationships between the two. 
• The system and the environment co-evolve and the complex feedback established by this 
relationship means that surprise is inevitable. Good plans have to be flexible enough to 
cope with such a world. 
Active Adaptive Planning and situation-specific Action Research are best understood through 
an extended version of the Directive Correlation, as in Image 8.  
Note that Active Adaptive Planning provides an ongoing learning framework for an 
organisation (any group of people). It allows the identification of data to be collected (achieved 
conditions that can be compared against the sought conditions) and research to be undertaken 
(information about the trends from all sorts of sources). 
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Image 8: Active Adaptive Planning 
In this quote from Gloster’s PhD (1999, pp.35-36), he identifies that this model of active 
adaptive planning can be used to guide the generation of progressive hypothesis about the 
nature of: 
1. ‘the initial system-environment relationship (L11, L22) at t-1, prior to a planned 
intervention’. 
2. ‘the sought system-environment relationship at t+1 (L11’, L22’)’. 
3. ‘the planned interventions at t0 that seek to bring about the sought system-environment 
relationship at t+1 (either by changing what the environment is trying to do to the system, 
i.e. L21, and/or what the system is trying to do to the environment, i.e. L12)’. 
4. ‘the actual or achieved system-environment relationship at t+1, following intervention 
(L11”, L22”)’. 
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5. ‘the difference between the desired system-environment relationship at t+1 and the actual 
relationship at t+1 (L11’, L22’ compared with L11”, L22”)’. 
6. ‘the effectiveness or otherwise of the intervention methodologies and methods (L21, 
and/or L12)’’. 
This then is a very powerful model for having contextually relevant change occur in the world – 
that is taking into account the dynamics as well as the systems within it. We not only take into 
account the dynamics of the world but actively change it through our purposeful interactions. 
Further, we see the inclusion of other participant organisations (e.g. the supply chain members) 
envisaged as participating in the venture and a learning process being formed across the whole 
chain – the larger social system, when -- 
‘…the initial object of change becomes at the next stage a means of transformation of the larger 
social system. Within this process, each of the participant organisations is able to change itself 
adaptively in relationship to other participant organisations. Within the organisational network, 
the process of change moves along lines of a gradually evolving fabric of directive correlations. 
Each implementation step becomes subject to evaluation, and after each step new steps forward 
may become visible and subject to exploration. In this way, a continuous learning process is 
developed and maintained within which theories and guiding hypotheses become evolved and 
modified in a constant confrontation with the empirical results obtained’ (Trist et al, 1993, 
p.292).  
A very active research process is being described here that records the original conditions - a 
series of trends in the macro and operating environments, working through the system’s input 
and output relationships; the sought conditions; the empirical data gathered from the 
interventions; data from analysis and deliberations; more sought conditions; more empirical 
data gathered from the interventions; more data from analysis and deliberations etc leading to 
outcomes. This can be envisaged as a series of directive correlations (Image 9) with changes 
that ramify out into the social system, locally and globally. Note here the similarities with the 
confluences and streams of the image used at the beginning of each chapter. This illustration 
though visually simplifies; showing two singular, direct paths between the outcomes, removing 
any ramifications from view.  
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Image 9: Series of directive correlations 
The model described here though tends to be based on an existing “system” in its environment, 
in the next section a model for innovations is proposed. 
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7.3.2 initiating active adaptive planning 
For new beginnings it will probably be necessary to bring together a wide-ranging and 
heterogeneous set of participants to the search in order to “cover” the territory – this may mean 
that they have never worked together before and may indeed have seen each other as 
competitors, or as antagonists, or not even have considered each other as likely planners.  
In this case some mechanism to provide predictability within this turbulent world may be 
required. To this end, the question is asked – what are the values that we share? These values 
are critical as coordinating mechanisms within a turbulent world. They add predictability to an 
otherwise unpredictable set of relationships and enable networks to grow (Emery & Trist, 
1965).  
Values were developed for use in the design of an alternative sustainable university (the full set 
is provided in Appendix A). In this context values such as real quality, innovation, creativity 
and excellence; heterogeneity; smallness – symbiotic, parasitic; contextually relevant; 
continuity, maintenance of culture and character; growth which is sustainable, based on 
sufficient diversity to survive; grounded in a community; an emancipatory experience; energy, 
vision, passion, inspiration; and sensible use of technology; were articulated to co-ordinate the 
relationships.  
Further, a variation on the Active Adaptive Planning model can be envisaged as shown in Image 
10. In this version after the scan of the environment, the question - What is the likely future if 
all these trends that we have identified continue and we don’t intervene? -- is asked before the 
question of desirable and feasible futures. Multiple scenarios may be proposed. Likely futures – 
if all the trends play-out and we don’t intervene – ends up in a deep dark place and so this is 
never attempted without looking at desirable and feasible futures very soon afterwards. These 
(at least) two descriptions provide the basis for identifying gaps as the basis for action planning. 
Organisational requirements may be found in the descriptions of the gaps.  
This variation of the Search Conference has been used effectively in several situations e.g. the 
alternative tertiary education provider (Appendix A) as well with students in integrative and 
transformative studies.  
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Image 10: Initiating Active Adaptive Planning 
Chapter 9 picks up the action planning issue again providing a framework for identifying 
relationships that need to be developed. 
7.3.3 more methods that transform 
Earlier in my history a Delivery Network Architecture (DNA) was established using the processes 
of deliberation and coalitions. Coalitions (often seen in the political arena) are formed when parties 
that do not really want to work together do so for some greater cause (in the political scene this is 
driven by “being in power”). In the proposal developed, a series of deliberations at the various 
phases of the solution development were offered as a means of bringing together the various 
parties in coalitions – rather than the typical re-organisation. These coalitions were for the good 
of the company (rather than for the good of their part of the business (the silos) as was the case 
with the product business).  
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The intention was to match deliberative methods with intent or purpose as per the National 
Centre for Dialogue and Deliberation (a US-based Non-Government Organisation) framework. 
Their framework describes four intents or purposes – exploration, conflict transformation, 
decision making, collaborative action (Heirebacher, 2006). In this way the exploration of 
potential alternative solutions would be enabled; potential conflicts of interests between the 
silos would be resolved; effective decision making and collaborative action would be 
established across the silos of the company for this new business of solutions. 
The Search Conference of the previous sections (and by-the-way it was this process we used to 
establish the DNA model) fits into what Foulkes (2008) calls Deliberative Democratic 
Processes (DDP). It also meets the requirements of exploration, decision-making and 
collaborative action. Although it does not treat conflict resolution directly it does make conflicts 
visible and dissolvable in the process as the participants ‘enlarge their perspective to a more 
communal level’ (2008, p.7). It should be noted that, in the Foulkes paper, none of the methods 
are considered appropriate for more than one of the intents listed – separate methods are used 
for different intents and purposes. The Search Conference on the other hand when completed 
has moved through:  
• Scanning the environment. This encourages people to ‘learn more about themselves, 
their community or an issue’ (Heirebacher, 2006, p.2).  
• This includes public recording of all trends including where there are differences of 
opinion. These are not pursued and consensus or resolution of conflicts is not directly 
sought. As we are working at a more systemic level participants are able to ‘(r)ecognise 
the partiality of their perspectives and consequently enlarge their own interests and 
values in ways that generate consensus around common ends’ (Fung, 2007, p.450). 
• Generating desirable and feasible futures. This fits into the decision-making category – 
‘to influence decisions and policy and to improve public knowledge’ (Foulkes, 2008, 
p.2) in this way ‘individuals assert creative solutions to public problems’ (Fung, 2007, 
p.450).  
• The individual “input” though becomes part of the collaborative effort. These are 
compared to likely futures for the purpose of individual and collaborative action. 
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In this way all the intents and purposes of the Foulke’s framework are covered by the processes 
of the Search. 
Any process which moves perspective to a more systemic level is by its nature a transformative 
process. In such a move, the process engages the participants in ‘a corrective change in the set 
of alternatives from which choice is made’ or Bateson’s Level II learning (1972b, p.293). 
Foulkes reflects that in his experience of DPPs that ‘there is often a transformative aspect for 
participants and convenors’ (2008, p.1). He notes that Fung (2007, p.450) has described this as -
- ‘a transformation of private individuals into citizens [in which]…there is an active moment in 
which individuals assert creative solutions to public problems’ as well as the ‘reciprocal 
moment in which citizens’ have recognition of their partiality and expansion of perspective 
towards collective outcomes (ibid). Foulkes (2008, p.7) notes that -- 
‘(i)t is in these moments that DPPs are truly deliberative. When citizens enlarge their 
perspective to a more communal (systemic) level, and it is in these moments I believe 
citizens are “bitten”, that is, in these moments citizens are spurred into becoming active 
citizens’. 
It should also be noted that work in the area of deliberative democracy is moving towards an 
empirical turn, it draws on ‘an increasing wealth of better facts and experiences’ rather than the 
‘fact less, assumptive theory in the 1970’s’ (Dryzek, 2008, p.13).  
For Foulkes (p.12) these experiences of the application of deliberative democratic processes 
develops better communities: 
‘increases the number of active citizens; reduces the barriers between civil society and 
governments; communities will increase their spheres of influence over decisions 
affecting their lives; and new societal networks will evolve giving rise to new and more 
sustainable social movements’.  
This is what Hartz-Kapp (2004) refers to as the virtuous cycle of deliberative democracy rather 
than the vicious cycle of traditional community consultations where the government takes ‘the 
position of being the “expert” with superior knowledge and wisdom’ (Ife & Tesoriero, 2006, 
p.149). Processes of this latter sort progress from the community raising concerns; through 
experts analysing and devising solutions; then consultations occur between these experts and 
those seen to be interested and concerned; the implemented solutions often have unintended 
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consequences with accelerating decline of social capital; the cycle closes again with community 
concerns (Hartz-Kapp, 2004).  
Search Conferences and the ongoing Active Adaptive Planning form advocated here are meta-
deliberative processes. Where meta- denotes a change of position or condition (OED), further 
the Greek meta, means ‘with’ or ‘after’, used as a prefix implying change and meaning 
‘behind’, ‘after’, or ‘beyond’ (ODE). In this way they are beyond or after the other methods 
listed in Heirebacher’s paper. They have the potential to transform systemically i.e. at Bateson’s 
Level II. As they work at both the individual and collective levels (especially if there is 
heterogeneous participation that engages all stakeholders) they even have the potential to 
engage people in ‘a corrective change in the system of sets of alternatives from which choice is 
made’ or Level III learning (Bateson, 1972b, p.293). 
The Yolngu, a northern Australian indigenous people, processes of galtha and garma when a 
ceremony is to be performed are described by Verran and Christie (2007, p.8). This is a much 
broader church (i.e. not just science and politics) to produce a unified truth (e.g. collective 
goals): 
• galtha is ‘long complex negotiations necessary to develop agreement on everything 
from where, and who, to which images, which sacred names, which ancestral song lines, 
and which ritual acts are best for this time, these people and this place. This is serious 
world-making work’, deliberation.  
• garma – ‘denotes an open ceremonial ground where different groups (always necessarily 
representing different places and correspondingly different languages) come together for 
negotiated performances. It is an open public space where ancestral histories are 
performed in the context of contemporary issues, and where thereby truth claims are 
presented and assessed. Key to an understanding of the garma philosophy is the 
principle that each individual participates in the negotiation and playing out of a 
collective history, while carefully, publicly, producing a distinctive performance of his 
or her own unique provenance…The garma is interesting because it produces a unified 
truth from necessarily divergent perspectives, from different performers bringing their 
knowledge, experience, particular artefacts, particular styles and histories to the 
collaboration’. More deliberation. 
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The relationship between galtha and garma described and shown here in Image 11 is where 
galtha draws in a wide range of stuff (including people, science, reports, data, images, etc) and 
garma is the confluence of this stuff in performance. In practice there would be an interplay 
between galtha and garma. 
 
Image 11: The special practices of galtha and garma 
This could be compared with similar ideas found in the Planning, Search and Participative 
Design Conferences (Emery, 1982, Emery, 1993b). Planning has a lot in common with galtha 
(thinking about what you need to bring to the conference, what needs to be represented, who 
needs to represent it, what is the best way to represent things, what questions to ask, what 
science do we need to bring or undertake to inform the deliberation?).  
garma is like the Search and Participative Design Conferences themselves. In garma many 
other forms or modes of practice are brought to bear (dance, song, art, story-telling). The Search 
Conference results in understandings of desirable and feasible futures from an understanding of 
the trends in the environment that we must adapt with that draws in histories. Participative 
Design conferences follow searches and tend to look for innovations and actions that we can 
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undertake, individually or collectively. In these conferences all sorts of material and people are 
“brought to the table”, including the science that we must perform to inform the deliberations. 
7.4 what emerges? 
This chapter and the previous one form a pair that work the issue of method. The first uses the 
experience of conferences, an empirical study, to “show” the issues around this practice directly 
(and around sustainability allegorically). The concern that is raised is – how can we move 
towards transformation? The second chapter “shows” other conference methods – those of 
Search : Design, deliberative processes, Galtha : Garma – that can potentially lead to 
transformation.  The models and theories that underpin these methods have been explicated.      
We now return to the engineering frame with the ideas from this pair. Initially we enter via 
metaphor. 
7.5 what emerges for engineering practice? 
Whereas the core metaphor of traditional engineering is the stable, literally “rock solid” bridges, 
aqueducts, and buildings of classical civilization, and the modernist metaphor is the clock-work 
machine, what is called “active adaptive engineering” draws its inspiration from a biological 
metaphor. The ‘project-and-its-tangible product(s)’ is but one sub-system of a living, open 
system, and it is this open system which has to be sustained. This leads to: 
Proposition 3:  
The appropriate method for engineering a living, open system is 
active adaptive planning, using foresight to create desirable and 
feasible futures (or outcomes) for the system as a whole. 
This third engineering proposition has several distinct elements which work together: 
• Sustaining an engineering solution requires a sustainable ecosystem (system and 
environment) within which the solution is embedded. 
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• The environment has to be understood as more than just a collection of things and the 
relationships between them (i.e. more than a structure) – it also has to be understood as a 
dynamic whole. 
• The current environment is turbulent – introducing a new level of dynamics and 
complexity into the engineering equation and, concomitantly, a new level of relevant 
uncertainty. This is why the engineering of large projects today, using contemporary 
practices is inherently problematic, and unanticipated consequences are the rule rather 
than the exception. 
7.6  linking forward  
Having found some methods that potentially transform from this pair of chapters, we now move 
to another empirical and cognitive chapter pair that picks up an epistemological theme, again 
seeking approaches that may lead to transformation. 
The first of these chapters is a form of case study, and at the same time a confluence – of water. 
I chose water as it is a critical issue for sustaining futures. Also choosing water does not limit 
the study as water is connected intimately to everything. 
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8 water story 
8.1 why did I choose water as 
my critical issue? 
We don’t just have a ‘water’ predicament, but 
a much more complex predicament for water 
is connected to life, water is in and of life.  
For now, though, we are going to focus on 
water and even in this we have high levels of 
complexities. Law and Mol (2002, p.1) argue 
that --  
‘there is complexity if things relate but don’t 
add up, if events occur but not within the 
processes of linear time, and if phenomena 
share a space but cannot be mapped in terms 
of a single set of three-dimensional 
coordinates’.  
The map of Image 12 “shows” the complexities in the water world and the concerns that water 
raises. Mapping brings together a range of ideas that share a space; they certainly don’t, with 
convoluted time relationships, add up onto a page. It could be described as a series of lists laid 
out together.  
It is not intended to be complete, it is though intended to provide some understanding of the 
nature of the water predicament. People don’t necessarily agree on the individual pieces and 
what they mean, let alone agree on the “bigger picture”. This water map ramifies out into the 
hinterlands. The water map is not “contained” by the page – you can see that water is 
“connected” to lots of other things. For example, water is connected to fire, to electricity and 
energy, to transport, to food, to industry, to sport and of course to weather. These connections 
are not all to the same degree or level and most are partial. In this way we can see that it is not 
always useful to consider water as an independent variable, but rather a highly dependent 
variable.
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Image 12: Water map 
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The water map is complicated and interconnected. The very connected things have been 
placed closer together but this gets difficult as there isn’t enough room around some ideas. 
There are more connections even though they aren’t shown. 
In this image connections have been made particularly with water reticulation systems as 
these are quasi-static (as described earlier in Section 3.2.1) and it is these systems that we 
rely on in the cities for our water supply. Some issues that arise include the fixed-ness of 
these reticulation systems and our dependency driven by the seemingly endless-ness of the 
supply of water. Given that our tendency is to assume that water will always be there our 
individual attention is normally elsewhere and we use water unconsciously to support what a 
farmer called ‘our problematic lifestyles and expectations’ (Mackenzie 2007, p.15) – 
producing and consuming water-intensive food and drinks all year round; watering our 
exotic parks and gardens; using potable water to flush toilets etc. Our technical solutions 
don’t necessarily drive good behaviour e.g. a friend of mine described having longer showers 
as he now had “low-flow” showerheads and water tanks! 
8.1.1 Large-scale patterns of erosion and sediment transport in river 
networks 
On the right hand bottom corner of the map there is mention of erosion. This issue is picked 
up because I am going to present an agricultural story and water and soils are two important 
aspects of this endeavour. It is noted that authors reflect that there are large-scale patterns of 
erosion and sediment transport in river networks in the context of dramatic human influences 
in Australia.  
A review of Australian research in this area indicates that -- 
‘erosion of hillslopes and stream banks has greatly increased in historical times, 
supplying vast quantities of sediment to rivers, much of which is still stored within 
the river system. The stored sediment will continue to affect in-stream and estuarine 
ecosystems for many decades. In most Australian catchments the dominant source of 
sediment is streambank erosion’ (Prosser et al, 2001, p.81). 
They also go on to describe the difficulty with models -- ‘because of the gap between small 
scale process understanding and the data available to parameterize the more detailed models’ 
(p.83). 
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They describe that -- 
‘detailed models might require information on spatial patterns of hydraulic roughness 
or the proportion of stream power used to transport sediment. These are empirical 
constructs for which there are only limited data. Thus, empirical relationships of the 
influence of land use, soil type and typography on erosion are all that can be applied 
at present’ (p.84). 
In a further paper it is described that -- 
‘(a) river is not susceptible to erosion when the resistance to change exceeds the 
normal spectrum of flows, but it becomes susceptible to erosion if either the 
resistance to erosion is reduced or the erosive power of flows increases’ (Prosser & 
Rustomji, 2000, p.180). 
From this we could say that an increased amount of water running off – a potential result of 
flooding after a drought and therefore of climate change and changing weather (long 
droughts followed by heavy floods), over-stocking of hard-hoofed animals, destabilization of 
river banks as well as damming and engineering mistakes are leading to our rivers becoming 
much more susceptible to erosion – but this a mere tangle of causal chains. 
What these papers do not do is provide any clear answers about what to do in response. The 
story in the next section is one farmer’s attempt to respond, not only to the water problem, 
but also to the soil erosion problem …initially locally (on his own property) and then further 
afield (on other people’s properties), then Australia-wide and eventually he hopes globally. 
8.2 a particular Australian (more than) water story 
Very soon after choosing water as my critical issue, Natural Sequence Farming (NSF) 
became a “hot topic”; this was to some extent brought about by the broadcast of the 
Australian Broadcasting Corporation’s (ABC) Australian Story Of Droughts and Flooding 
Rains in 2005 and the publicity that went with it.  
I was drawn to it and followed this story.  
As part of my research I studied NSF and its creator Andrews. As our interests in water and 
this story had combined, Hiley and I prepared a paper (Sustaining Life – learning and (more 
 - 141 -  
than) water) which she presented at an International Association of Science and Technology 
for Development (IASTED) Conference on Environmentally-Sound Technology for Water 
Management (ESTW), in Botswana (2006)27. 
Now returning to the (more than) water story. My research follows the 30 or so years of 
Andrews’ work with what has become NSF, up to about mid-2005, which is when his 
Australian Story was broadcast on ABC TV. I followed his story through public documents 
(newspaper articles, conference papers, research and development projects etc), provided to 
me by a journalist, John Ryan. Further references from my more general searching are used 
to support the argument made here. 
I chose this example for the insight it offers.  This sequence of innovation in farming in 
Australia is the basis of this story, with a particularly innovative farmer taking the central 
role. It responds in part to the effects on rivers of human intervention including the sediment 
transport of the previous section, through innovative farming sequences. 
The following portrayal is really only one way of “seeing” this story. Indeed another version 
has been produced using Actor-Network Theory concepts as framing – mobilising resources, 
enrolment attempts and controversies – like all “frames” it really only works in part. There 
are lots of “loose ends” that don’t fit this frame. For example, using this frame it postulates 
the work of the farmer in four distinct phases; this is clearly not “true”, but we are helped to 
see more truthfully; he was working ecologically, on all aspects at all times, making all sorts 
of connections and he was never totally sure that there was or is a clear answer to the 
problem he sees – it is more like he continues to “experiment” (Andrews, 2005). Also it 
makes general assertions and doesn’t reflect all the variations that were also occurring. Yet it 
does reveal insights retrospectively and reflexively that are valuable more broadly in my 
work with practising sustaining. 
Given our Australian predicament this particular example was seen to offer much to those 
facing increased climate variability – not only from the specific innovative “product”, but 
also from the process by which it came about.  
8.2.1 1st phase: European Farming comes to Australia  
In Phase 1, European farming comes to Australia. Newly-arrived Europeans from the 
beginning of the 1800s brought with them farming practices from Europe despite the 
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remarkably different climatic conditions and comparative extreme variability. Five issues 
(native vegetation, water, fertility, insect pests, and weeds) have been chosen to illustrate the 
points being made. It should be noted that there are many more issues that could be included 
(e.g. soil, animal pests – indigenous, native and introduced, fencing, etc). 
Native Vegetation: These immigrants cleared vast tracts of forests for farming, even 
though treeless hills and valleys have a history of decreasing fertility and increasing 
subsidence and slippage. 
Water: Farmers used more water than fell on their property and felt the need to control 
water supply through dams and other water storages, and governments started to build dams 
and draw water from rivers for irrigation. They changed streams to form open channels and 
built dams to hold water or farmers relied on the damming of rivers that were not on their 
property which delivered water in channels to ensure security of water supply. 
Fertility: To increase fertility, that is to grow more each year, farmers began to apply 
chemical fertilizers… 
Insects: “Pests” were dispatched with chemical insecticides… 
Weeds: A view developed that some plants were “extraneous” and potentially invasive. 
Weeds, having no purpose, were dangerous to domesticated animals and could “take over”. 
They were controlled with herbicidal sprays…  
These approaches were reinforced by agricultural suppliers and producers and farmers came 
to accept with little question the authority of government departments and government 
agriculture “specialists” (with respect to crop yields and treatment, use of water, weeds, 
insects, etc.). Evidence of these approaches can be found in the State of the Environment 
Report (AG, 2001b) and are described further in A System for Sustainable Productive 
Management of Australian Landscapes (Mitchell, 2000).  
Phase 1 in Image 13 illustrates each of these five issues (native vegetation, water, fertility, 
insect pests, and weeds) treated as separate components. Andrews, the farmer in our story, 
grew up in this environment, treating each issue as discrete, with a dependence on 
technology and “external” inputs. 
 - 143 -  
8.2.2 2nd phase: “Best Practice” European Farming in Australia 
In 1974, Andrews, an Australian horse breeder, purchased a property in country New South 
Wales which, despite its proud tradition of producing winning horses (Austin, 2004), was 
relatively inexpensive as there was a problem with salinity (Ryan, 2002). Salinity and 
dryland acidity are a broad issue in Australia, e.g. see section Indicator: LD-06 Area and 
proportion of land affected by dryland salinity and acidity (AG, 2006). 
Phase 1 
 
Phase 2 
 
Phase 3 
 
Phase 4 
 
Image 13: The Images of the Four Phases of the NSF Story 
To deal with the property’s problems, he used the techniques listed in the 1st phase combined 
with contemporary attempts to improve to what was considered “best practice” in each area: 
Irrigation: Farmers were experimenting with reducing the amount of water used, managing 
when the water was added to fields and crops and how water was added. For example, drip 
systems were being tried rather than sprays, though even in 2006 we still see long-line aerial 
spraying done. 
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Fertility: The need to grow more and better crops meant that there was change of the types 
and amount as well as when and how fertilizers were used.  
Weeds: Chemical control of weeds was still seen as essential but changes were being made 
to “best practice” including the types and amount of herbicides used and when and how they 
were used.  
Insects: Similar approaches were taken for insect infestations – the development/ 
improvement effort focused on what, when and how rather than whether.  
Native Vegetation: Native vegetation removal continued with ever more efficiency and 
although there has been some regrowth and replanting of vegetation the overall effect has 
been vast land clearing.  
Evidence for this can be found at the relevant sections of State of the Environment Report 
(AG, 2006). 
Phase 2 in Image 13 is evocative of this approach, with the expansion of the five separate 
components as new techniques are considered, but the improvements were variables of 
application within mainstream practice… and still separate responses to discrete problems, 
but the boundaries between these components were losing their clarity. 
Andrews found that even using these improved techniques, his salinity problem was 
increasing and his fertility levels were decreasing (Wahlquist, 2002). 
8.2.3 3rd phase: an Australian farmer innovates 
As he became more and more aware that his current practice was making things worse, he 
chose to break the cycle of irrigating, fertilizing, herbicides and pesticides and began 
experimenting with new approaches. He decided to ‘put the water back the way it used to be’ 
(Andrews quoted inWahlquist, 2002). 
Though he didn’t know it at the time, he had begun what was to become a long-term research 
project. He looked back into his history, into the Aboriginal understanding of the land and 
water, into the history of land management, into the history of the early Australian explorers, 
into the history of his property (Hunter Organics Editors, 2003). He also looked at his horses, 
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contemporary science, at local land forms, at the soil, and he particularly looked at the water 
course on his property (Tane, 2003; Landcare, 1995). 
~~~ over a period of thirty years, Andrews has gradually grown to understand the 
connections between water, weeds, insects, vegetation and fertility, along with a whole range 
of other elements in this environment (e.g. horses, birds, forestry, soils), as well as daily, 
seasonal and long cycles ~~~ he began to understand the interplay of characteristics 
particular to the Australian landscape ~~~ he recognised the very low gradient and long 
transport distances of the streams, the episodic high energy river-flood processes of short 
duration (Clarke et al, 2005) and he began to provide the equivalent of a “heart bypass” in 
the land ~~~ he re-established something similar to the original stream form in the landscape 
of pre-European settlement, as well as the Chain of Ponds that the early explorers described, 
which had the effect of reducing evaporation and irrigating “naturally” (Hunter Organics 
Editors, 2003) ~~~ this involved reintroducing “leaky” weirs and growing rushes and other 
plants in the water course (Cogo, 2006) ~~~ he tried to establish or encourage growth of 
permanent vegetation on higher places, creating biomass (more green) and slightly higher 
humidity in the valley, with complicated and functioning root systems which stabilise the 
hydraulic pressure and therefore the salt (Jones, 2005a). ~~~ he used what farming practice 
of the time considered “weed” species to bring back fertility and to draw chemicals from 
deep within the ground ~~~ to make nutrients available, he slashed and mulched the weed 
species ~~~ he also experimented with introduced European “weeds” (e.g. willows in the 
water course) to cope with the increased erosion on stream banks (Prosser & Rustomji, 2000) 
by the hard-hoofed animals introduced by Europeans. The willows stabilised the soil and 
allowed native casuarinas to re-establish themselves in the cool, damp bases of the willows 
(Ryan, n.d.) ~~~ insects and inedible plants were no longer seen as foes so chemical use was 
eliminated ~~~ he also interacted with the 300+ pieces of often contradictory legislation in 
this region and reached a settlement with the authorities for his experiments in the water 
course ~~~ as he experimented, with an increasing host of things interconnecting in his 
approach ~~~ his property became ‘a labyrinth of lagoons, lakes and hidden channels with 
glimpses of biodiversity of plant and animal life’ (IASTED, 2006) ~~~ the phrase ‘Natural 
Sequence Farming’ (NSF, 2005; Andrews & Mitchell, n.d.) was coined by Andrews to 
describe these techniques ~~~ (Jones, 2005a; 2005b). 
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Many scientists have seen this work and have provided scientific support to the ideas 
developed, for example water and landscape ecologists Professor Wilhelm Ripl (1995) and 
Dr. David Mitchell (2000). Also, the environmental consultant and former chairman of 
UNEP in Australia, Robert Vincin, is quoted in the Australian Farm Journal article 
‘Unconventional Water Management that Really Works’ (Cawood, 1994) saying that 
‘Andrews’ concepts can not only reverse the nation’s environmental problems, they can do it 
in much quicker time than anyone would think possible’. More recently on the ABC’s 
documentary Of Droughts and Flooding Rains, Dr John Williams former CSIRO Head of 
Land and Water, wetland ecologist Dr David Mitchell, land ecologist Professor David 
Goldney, environmental scientists Dr Annabelle Keene and Dr Richard Bush who are 
undertaking ongoing research at Barramul, Czech scientist and land and water expert Jan 
Pokorny, as well as Professor Wilhelm Ripl from Germany, publicly supported Andrew’s 
work. Ripl in particular said that ‘his methods make sense and it might be time to take him 
seriously’ (Jones, 2005a; 2005b). 
Phase 3 in Image 13 shows Andrews’ methods as the overlapping of what were seen 
previously as discrete issues and the beginning of working with the whole as well as the 
parts. As he realized the enormous benefits to his particular property, his interest broadened. 
He recognized the links between his own experience and broader Australian and global 
challenges of sustainability for farming and land care. Andrews was awarded the title ‘best 
land and water manager in the world’ in 1996 at the 2nd International Ecological Engineering 
Conference in Beijing for his work at Tarwyn Park (Ryan, 1996). He has now seen his 
approach reduce the effects of salinity and return fertility to the land (he talks of the 
possibility of one third of the previously planted land producing five times the yield of 
conventional farming) by increasing the biodiversity (of plants, animals, insects, birds etc) on 
the properties where NSF practice has been applied (Andrews, 2005)  
Even though there is some interest in NSF with increasing use by individual farmers and 
some local councils, in much of Australia the practices of early European farming and best 
practice European farming are still prevalent. There are also other approaches such as 
Permaculture (Holmgren, 2002), mulching, the use of biochar and organic farming – together 
with its accreditation (RIRDC, 1997, NASAA, 2006), as well as ‘The River Maker’ approach 
of Rajendra Singh in India (Tata, 2002)) making “inroads” into agricultural practice. 
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8.2.4 4th phase: connecting with context… 
Andrews believes, and ample research supports his belief, that there is an urgency that 
requires us to change more systemically (Flannery, 1994; 2005; MA, 2005). Continuing 
down the current track is unsustainable and is impacting on climate – there are increasing hot 
spots caused by denuded land (Ripl, 2001); “wild” fires are reducing long-term fertility; as 
have “fire-stick” practices of indigenous Australians; as well as early and now “best 
practice” European farming (Flannery, 1994; Landcare, 1995; Ripl, 1995; Sheehan, 2003). 
Since European settlement, land-use practices such as clearing and overstocking have led to 
major degradation of semi-arid catchments resulting in sediment transport to the sea, 
particularly after drought-breaking rains – these are lost to production (McCulloch et al, 
2003).  
Phase 4 in Image 13 illustrates Andrews’ effort to understand the whole context (the purple 
shaded background) within which NSF is operating and to work toward bringing its inherent 
principles and relationships that flex with the specific context, into many, diverse people’s 
thinking and practice. 
Others are exploring similar concerns (such as water demand in industrialised countries and 
new uncertainties of climate change, such as the shift in the patterns of extreme events in 
other contexts) together with more systemic responses. In Europe, social learning and 
adaptive management approaches link analytical modelling and participatory approaches 
responding to ‘major processes of transformation at local, regional and global scales’ is an 
example of this type (Pahl-Wostl, 2002a; 2002b; 2005; Pahl-Wostl & Hare, 2004). 
8.2.5 a process of change… 
Notice that the context of Andrews’ choices or decision-making shifted in each phase. By 
understanding the context differently and shifting his way of knowing and being Andrews 
broadened and then completely changed his set of choices. 
Whilst this may not sound like a ‘water story’, it is indeed a story of understanding water, in 
among many other things, and the part it plays in a farm’s livelihood. Andrews has shifted 
his thinking from water as but one of the “inputs” in the farming process, to water and its life 
and its flow through his land being integral to the survival and sustainability of his property 
… and beyond. 
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This water thinking and practice has some similarities to that of our first people’s 
understanding, see the Water Dreamings of Papunya (Bardon & Bardon, 2004, pp.156 -205). 
Though Andrews seems to have re-connected some “parts” in ways consistent with pre-
European settlement and other “parts” in different ways because of the introduction of 
European animals, his enduring practice is less like a “connection of parts” and much more 
like an “understanding of the whole”. 
Andrews developed his ideas over time, building a new sense of the Australian landscape, a 
new sort of organisation of his (more than water) world. He sees himself as continually 
experimenting as a “natural scientist”, inhabiting his research. He sampled the world under 
different conditions – in drought, in flood – and included history (his own, that of the land 
and of the water), as well as the likely future if things continued as they were. He began to 
recognize errors and limitations in his thinking and made changes accordingly. He was 
learning along the way. He has worked, over many years, with a range of people and 
organisations (including developing demonstration sites at Baramul and Tarwyn Park, among 
at least ten others (Wilshire & Andrews, 2002)) to try to “spread the word” about the benefits 
of NSF. He is interested in getting the principles he uses more widely accepted and 
“mainstreamed” in farming practice in Australia but is finding it excruciatingly difficult. 
8.3 learning for sustaining 
Earlier in this thesis I mentioned the Brundtland report where sustainability is described as ‘a 
process of change…’ This process of change may well be described as learning, which is a 
link Bateson makes. It is to Bateson’s work that we turn now. In reflecting on Andrews’ 
water story and what it might tell us about learning for sustainability the generative process 
of abduction was used to make the connections between the story and Bateson’s learning 
model (1979). He speaks of abduction as describing some event or thing and then looking 
around the world for other cases to fit the same rules that we devised for our description. 
In his description of learning, Bateson begins by looking at the very simplest of “learning”, 
that is, where there is specificity of response, and then moves on to describe different classes 
of learning – Learning 0 through III. These are linked to Our Australian (more than) Water 
Story in the text below: 
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8.3.1 1st phase: following others’ lead… 
We can see the zero learning type of Bateson in the first phase of our story, where farmers 
respond to the situation that they found themselves in with responses that had been framed in 
other places, (e.g. Europe) and by their predecessors, fathers and grandfathers. Despite 
evidence that the context is different and that these responses don’t seem to work over time 
they continued to be used. 
8.3.2 2nd phase: improvement within existing alternatives… 
In the second phase of the story we see an example of ‘detecting and correcting errors’ of 
Bateson’s Learning I.  
Within the context of the alternatives articulated in farming practice (irrigation, weed 
control, fertilizers), variations were being tested, for example, variations of irrigation such as 
time of day, dripping rather spraying. 
8.3.3 3rd phase: a new set of alternatives is articulated… 
Andrews makes a paradigm shift in his thinking by connecting to a range of other, previously 
considered extraneous data (history of the explorers, history of his property, he considers the 
role of weeds, particularly in relation to introduced animals, he looks at Europe and the 
“freeze and thaw” and wonders about the means by which water storage can happen in the 
Australian landscape). He experiments with a different set of responses - introducing leaky 
weirs, allowing the water level to be higher than the surrounding land producing a lens of 
water that is salt-reduced, introducing willows, allowing weeds to grow, challenging the 
regulation, the bureaucracy, the “common knowledge” including that it is automatically 
necessary to kill insect pests. 
He begins to look beyond the specifics to a bigger context. His biggest effect has been on the 
properties that he has worked on – Tarwyn Park and Baramul and with a small number of 
other “Demonstration Sites”. He does not however believe that this is enough to make a 
difference towards the sustainable future that he now desires.  
This is Bateson’s Learning Type II where inquiry occurs into the very ‘guiding principles’ 
upon which we based our previous actions and improvements (Argyris & Schön, 1974). 
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8.3.4 4th phase: new guiding principles are developing… 
In Learning III there is inquiry into the basis of the guiding principles, the systemic origins 
which made certain choices possible (Argyris, 1993). 
The question of mainstreaming NSF in the fourth phase of our story and ways to find 
potential responses probably fit within Learning III. Bateson recognises the difficulty in this, 
saying that ‘to demand this level of performance of some men…is sometimes pathogenic’ 
(1972b, p.293). Andrews is searching for connections in this frame. 
There are a number of potential shifts in the system of sets that could be considered in 
relation to ‘mainstreaming’ NSF: 
• We could consider the ways of engaging a range of others and how to ‘Learn to 
Learn with Others’ (Hiley, 2004). For example, how we undertake participative 
processes. Examples of these can be seen in Search and Participative Design 
Conferences. A serious question here is “who and what should we include”? There 
are a broad range of stakeholders and interested parties and data that we could draw 
on, as well as representation of the non-human (the natural environment – the trees, 
the animals, biodiversity; the social environment – the rules and regulations, history). 
• What do we “fix” and what do we allow to change? 
• There is the question of scale and place, the local-global nexus. We need a more 
wholesale scale as well as the farm scale: for example regional, east of the Great 
Dividing Range or Australia-wide, or globally. 
• There is also the nature of time – the Long View versus the contracted view of 
shareholder return and growth. How do these sequences fit in the current practices of 
the farming community and the ‘actor-network’ (Callon, 1986; Law & Hassard, 
1999; Latour, 1999b) of the farming community (suppliers, bureaucrats, investment 
etc)? 
• This brings in questions of scale, place and time. Sometimes ideas are picked up in 
distant places (like Botswana perhaps) before they are accepted broadly in the place 
where they were generated. Sometimes our temporal and spatial perceptions dictate 
our system of sets of alternatives. For example, short-term shareholder “return on 
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investment” is not conducive to sustaining life but does dictate so many of our 
actions and thinking. 
• We could consider the system-within-its-environment (for example the farm or an 
agricultural community in its environment) and think about changing the operating 
and macro environment within which we are trying to make the change happen to 
stabilise enabling active-adaptive planning approaches (Emery & Trist, 1973). 
• If we are to consider the ‘system within its environment’, and then consider whether 
and what changes might be desired in the environment AND the system, learning 
processes and practices of this depth will be required. It requires us to open our minds 
to include perspectives and voices that may be silent, even those who may disagree 
with us. There is risk in learning to learn with others yet the “payoffs” in sustaining 
life are great. 
8.4 return to water dreaming 
We return briefly to the water dreaming of Image 4 on page 34. It shows four waterholes that 
are linked, not only directly, but also through the background. In its energy there is a sense 
that there is “more beyond” in both time and space. Linking this with the four phases we 
have highlighted both Andrews’ journey AND Bateson’s four depths of learning.  
How do we make the most of ‘interdisciplinary fora’? Have we heard the voices of those 
who think differently from us? How can we become more aware of the assumptions on 
which our ‘discipline’ creates its alternatives? How might we recognize our own learning 
moments as we are experiencing them? 
This returns us to a more ecological way of working (in some ways as it was before ‘white-
man’ arrived) while accepting that we have to make some adaptations. For example, with the 
introduction of hard hoofed animals damage has been and still is being done to water 
courses. In the NSF approach willows have been used to hold the stream banks together as 
well as blackberries to ensure that banks are not swept away during floods. This in Andrews’ 
terms de-energises the flow. All this is done since by slowing the flow of water with leaky 
weirs and growing plants in the stream, the natural curves in the stream retain the water in 
and on the land, rather than draining it, the floodplain holds the water. When fertility returns 
to the land the weeds become part of the mix of plants. They don’t “take-over”. Water 
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dreaming is a very powerful metaphor as it moves us beyond to a more connected knowing 
that allows us into another “space”. 
8.4.1 “where” does this take us?  
We finished the paper for the Botswana conference with the following comments – this is a 
“work in progress”, an attempt to “open out” the possibilities and invite “learning to learn” 
moments with others who are equally interested in environmentally-sound technology in 
water resources management, as well as with a list of questions that arose for us out of 
developing this paper and our engagement with the work of Andrews. We didn’t view our 
paper as an end in itself, or just a report on what had been done but as an opportunity for us 
to connect with others around these ideas – in a similar way to that of Andrews and his NSF. 
This in itself is an example of Bateson’s Learning III. 
8.5 what emerges?  
Andrews knows the landscape differently in NSF – it is integrated, or integral, or whole. This 
is an holistic practice – a particular Australian (more than) water story – farming an 
Australian landscape (geomorphology, plants, animals, soil, daily cycle, weather, ENSO) 
with European influences (that won’t go away – hard-hoofed animals, weeds, practices). 
Andrews sees farmers as ‘managers of energy transfer’ (2006). Through hard work as what 
he would call a natural scientist and I would call an engineer, experiments in connecting 
together things that haven’t normally been seen together he learns, he begins to ‘mobilize 
resources’ e.g. partial connections between horses; weeds – willows, Patterson’s Curse; 
leaky weirs; history of settlers, indigenous peoples, artists; regulations; the cycles – daily, 
long cycles, across the landscape from the hills to the stream; he uses a meter to show where 
the salt is in the landscape and shows that it is where it is “manageable”: he transforms. 
NSF transforms – the evidence is there – where this holistic practice is in place the landscape 
has been transformed – there is a green, cool, fertile landscape side-by-side with brown, hot, 
denuded landscape of those that do not use these practices. NSF forms a more sustaining 
farming. He has really only connected the “natural” environment and the historical social; he 
hasn’t been able to engage in the current social including the economy (financial). One of the 
significant issues is that people can’t easily and quickly see how to “make a buck” out of this 
and so they can’t quite see how to engage with it. The effects of engaging in this practice in 
 - 153 -  
the short term may be to reduce income, in the longer term, the effects are subtle, and often 
considered intangible. NSF thus is not easily transferrable. 
The questions that nag for me are how do we “mainstream” this holistic practice? How do we 
learn, transform the environment within which this innovation operates to allow it to be 
sustained locally (even if Andrews is no longer around), regionally and globally? How do we orient 
ourselves in Learning III? These are questions that require thinking about the innovation – NSF 
and the environment within which it is to operate. 
In order to shift this innovation into the “mainstream”, the ‘many crucial objects of study for 
those who wish to understand the mediation through which humans, speaking to one another, 
increasingly speak truthfully about things’ (Latour, 1999b, p.296) need to be engaged, not 
only by Andrews but also by a range of people. 
In this same story you see the various enrolment attempts that Andrews undertakes up to the 
point where we leave. At the time of writing this thesis, this was just starting to happen – he 
now has the backing of a successful businessman, as well as the support of an assistant and 
interest from a group of international scientists.  Learning to learn with others is occurring. 
8.6  linking forward  
Even though, or maybe because, NSF is a good holistic solution, Andrews has had great 
difficulty “putting through” his innovation in the wider context of Australian farming, 
agriculture and waste water management. It is ideas around this issue that are pursued next in 
the second of the “knowing” chapters:this focuses on the issue of “putting through”. 
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9 (some) knowing that transforms – ant-ing 
One deep theme of this thesis is that we are 
looking for ways to respond to our 
predicament that will propel us in the 
direction of desirable and feasible futures. 
This provides clear directions to look for 
ways of knowing.  
First though we will return to context, 
exploring again its nature for clues to 
appropriate responses. 
9.1 re-connecting with 
context 
In responding to our predicament, putting in 
place more or less static responses and then 
moving on to something else is not a particularly appropriate strategy since the response 
seems to slip away as the “players” change their allegiances. This traditional “set and forget” 
approach of engineering, such as relying on the catchments in the hills above Melbourne for 
water, is now  less appropriate as the rain has shifted. 
There are lots of complex processes going on at the same time and it is not always clear what 
is valued now and what will be valued in the future, or even what whole groups of people 
value – as new information about issues becomes available people’s responses change. Also 
people’s relationships to “things” change – the way they use tools (e.g. cars, computers, 
mobile phones, TV), natural services (food, waste removal, drinking water, power, air), 
systems (public transport, electricity, shopping) and processes (economy as a means of 
production and consumption). Even though these systems and processes are in place they are 
really only quasi-static. Many people seem to believe that they cannot change these systems 
and processes. They seem resigned to believing that this is the way things are or that others 
will change it – relying on governments, managers or experts. This is Learning 0. 
A number of times now the work of John Law in his book After Method (2004, p.7) has been 
indicated, he is -- ‘pointing to and articulating a sense of the world as an unformed but 
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generative flux of forces and relations that work to produce particular realities’. He goes on 
to describe the world as -- ‘not a structure…instead, as a maelstrom or a tide-rip. Imagine 
that it is filled with currents, eddies, flows, vortices, unpredictable changes, storms, and with 
moments of lull and calm’. It is this world he suggests that produces realities. This 
conception is consistent with my experience of the world, as described in “the game”. The 
types of metaphors Law uses are natural metaphors, of water and weather but he is posing 
these also as metaphors for the world of social science. 
In trying to “mainstream” an innovation we need to let go of current “system” and 
“structure” and connect across stakeholders and those that don’t necessarily consider 
themselves to be stakeholders, the human and non-human – or in words that haven’t yet been 
used – ‘actor-net-work-theory-ing’ or ‘ant-ing’. 
What I see from this position of sensing the world as ‘generative flux’ is that there is a lot of 
work going on all over the world from different perspectives, people are being generative – 
trying to make things happen, trying to make a difference, either on their own or in groups, in 
organisations. I see most people as honestly trying to do the right thing by whatever their own 
principles are, although they may be trapped by their mental models into believing that they 
can’t do more than what they are asked, or what they perceive they are being asked. Also we 
like to believe that the structure is what is making things happen but I know that this is not 
(only) the case – the people in the structures are just like everyone else that don’t necessarily 
know what to do to make a difference, even though they might recognize that it isn’t working. 
What I need to do is connect with them. 
People though are pressed by time, people living extraordinarily complex lives – just think of 
the complexities of living in our technological world. With all this stuff happening all over 
the world in different places and with different people, new things do/will emerge, some 
small, some that will become large, some that are transforming.  Most of the time there is a 
rush of activity, stuff to do; time is short, got to get on with things, little time to reflect. This 
is the flux of the world. 
Generative flux moves beyond the dynamics of turbulence and extends with the idea of 
generating. This generative flux is an even more powerful metaphor than turbulence for the 
nature of our world and practice within it. Verran, reflecting on Law’s idea of the world of 
generative flux, suggests ‘a new analytic imaginary’, where it is -- ‘already collectively 
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enacted yet always emergent. Worlds become in occasional and sometimes unexpected 
“clottings” of actual embodied routines’ (Verran, 2006, p.11). 
The world of farming is collectively enacted through occasional and unexpected “clotting” of 
actual, embodied routines – draining, fertilising, using pesticides, producing. NSF has 
emerged as other unexpected “clottings” of actual, embodied routines. How do we shift 
farmers to these new routines?  Or can we? Maybe we need to ask farmers how they could 
shift to different routines?  
How do we operate in a world seen and experienced as ‘generative flux’, where practice is 
collectively enacted yet always emergent? Maybe as Cussins (1996) says, an answer is an 
‘ontology of connection’. 
9.2 exploring knowing 
In the field of epistemology, western philosophers and many others have sought truth and 
certainty. According to Plato, for one to know something is true and for one to be able to 
convince other reasonable people, one must be convinced it is true; that is, one’s belief must 
be true and one’s true belief must be justified. Justification can be based on evidence or good 
reason i.e. logic, empirical evidence, memory and authority and this must be effectively 
communicated (described in Woolman, 2000). 
There is a role for some form of certainty. Natural science provides us with the best 
knowledge that we have of the natural world in which we live – scientific knowledge 
provides us with what we perceive as “facts”. These facts though are developed within a 
context – they should not be enucleated by separating the “facts” from “context” (Latour, 
1999b). Through induction or deduction relying on existing structures, systems and models 
and ways of viewing the world (as described in my introduction) these “facts” have 
developed over time – it is not possible to have eternal truths that are totally independent for 
we know that our models and ways of seeing the world are only ever very partial. This is 
why older theories of the way the world works have been re-cast by new conceptions, for 
example, physics has moved from fixed notions of time and space to relative notions, 
through the radical re-conception of Einstein (Bohm, 1965, pp.63-72). Older theories though 
continue to be used: using our physics example conservation of energy and Newton’s laws of 
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motion are used in everyday practice. Also in thinking about our future we have no certain 
way of knowing; science does not provide this type of answer. 
The Platonic framework though is used in this thesis to justify that we have a predicament: 
evidence is provided (e.g. the best knowledge of the scientists of the IPCC and Millennium 
Ecosystem Assessment) and sound reasoning is also used (e.g. we must consider the system-
in-its-environment over time) to communicate this. 
All this justification tells us little about the “content” of responses or what we need to know 
in order to respond over time. We do know however that our knowledge of our predicament 
has been and is growing and shifting over time. For example, in the period since the IPCC 
has been assessing Climate Change (Assessment Reports 1-4) our understanding of the 
nature of this threat and responses has changed quite radically. Further, we know that 
knowledge is quite freely available via the Internet, books, papers and media for us to use. 
The real questions of knowledge relate to how, when and in what context to use it. Some 
different ways of knowing are required. 
The Platonic framework contrasts quite vividly with the thoughts of Nicolescu who in his 
Manifesto of Transdisciplinarity (2002, p.153) describes transdisciplinary knowledge as a 
‘new type of intelligence’ and compares this to disciplinary knowledge. Transdisciplinary 
knowledge seeks correspondence between the external world (the object of disciplinary 
knowing) and the internal world, through understanding. In this there is a balance between 
intellect, feelings, and the body (rather than analytical intelligence alone), an orientation 
towards astonishment and sharing (rather than power and possession), using the logic of the 
included middle (instead of binary logic), and inclusion of values. Further, transdisciplinary 
research has been described as grasping the ‘relevant complexity of a problem’, taking into 
account ‘the diversity of the life-world and scientific perceptions of problems’, linking 
‘abstract and case-specific knowledge’ and developing ‘knowledge and practices that 
promote what is perceived to be the common good’ (Pohl & Hirsch Hadorn, 2007, p.30).  
We have seen, in the previous chapter,  two very distinct ways of knowing. The first was the 
way of knowing of the contemporary world. Even in “water” there is huge complexity with 
ramifications in the broader environment, the separation of the “natural”, the “economic”, the 
“social”, the “technological” and the “changes” including the “impacts” on water resources 
and humans with large-scale erosion and sediment transport and no clear ways forward.  
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The second is the way of knowing of our farmer. Even though Andrews lives in the 
contemporary world he came to his knowledge via a different path than most of his 
contemporaries: through experience, he developed his ideas over time and this experience 
connected available knowledge in different ways than the “norm”. He was trying to solve 
problems that he saw in his own work, experimenting, inhabiting his research and learning 
along the way. Initially he was not certain and he continues to be uncertain about some 
things but he has gained some certainty about his natural sequences – they provide results 
over time.  
9.3 moving from bright ideas to reality 
 ‘(i)n practice bright ideas are very far from realities…’ (Law, 2004) 
Even though Andrews has been successful in the localised context of his farms the issue that 
emerges from the water chapter is how to move this Australian water innovation into the 
“mainstream”? Not only, for its own sake, but also, as an example of what is more generally 
required. Andrews has had great difficulty “putting through” his innovation in the wider 
context of Australian farming, agriculture and waste water management – it is this question 
of how to “put through” that is considered in this chapter. 
NSF provides an example but there are also of course more innovations that need to be 
“mainstreamed” for sustaining futures to emerge.  
I have had a growing realization that networks and systems and connections are very helpful 
ways of seeing the world and that despite our proclivity for seeing these things (networks, 
systems, connections) simply, and as fixed, in fact we have to constantly work at making 
connections, keeping networks and systems (such as organisations) going, recognising that they 
are extraordinarily dynamic and that they are only viable in certain sorts of environment. This 
realisation brought me to Actor-Network Theory. 
Again in this chapter I connect with my writing (often together with others) that has emerged 
from my research. These are some of the papers previously cited as I have connected across 
Socio-Technical Systems and Actor-Network Theory since the beginning of my research 
journey (Goricanec, 2007; Goricanec & Young, 2003; Young & Goricanec, 2001; 2003; 
Young et al, 2004). 
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Actor-Network Theory provides some clues to the questions asked above.  One of the key 
things to do in developing sustaining futures is to translate scientific results into practical 
innovations (which we have an example of in NSF) and ensure that such translations are 
congruent with the collective goals that underpinned the original research and the data that 
emerged from it. How do we ensure that the translations retain the essential qualities of the 
original research, through successive mobilisations and translation? The core relationship 
sought is an ongoing cycle where evidence leads to action and action produces new evidence. 
Although NSF has been successful locally it has not been taken on regionally, nationally or 
globally as a mainstream innovation. NSF appears to be a “good” innovation that is 
congruent with its context – how do you make such an innovation “translate” in other 
contexts? In answering this latest of my questions I could have gone to the expansive 
literature around innovation transfer (Barnett, 1953; Basadur, 1995; Bohm & Edwards, 1991; 
Carnegie et al, 1993; Ceserani & Greatwood, 1996; Higgins, 1995; Hirshberg, 1998; 
Imparato & Harari, 1996; Kuczmarski, 1996; Morgan, 1993; 2000; Rogers, 1995; Senge, 
1990; Senge et al, 1999) but instead I sought congruence with what I was coming to 
understand of sustaining options and Bateson’s learning possibilities i.e. abstraction and 
abduction. I do though return to Diffusion Theory in Section 9.8. 
9.4 introducing Actor-Networks as ways of knowing  
An innovation process is needed that recognises that the innovation/knowledge production 
(engineering solution development) and diffusion are deeply intertwined with each other – 
that it is necessary but not sufficient to have a good idea, we need to work out how to get it 
to happen, while recognising that making it happen will result in changes to the idea as well 
as to the context (the environment) within which it occurs. We need to recognise that the 
innovation process is in fact characterised by continual modification of the original science, 
innovation or “invented” policy, as a consequence of feedback from both ongoing research 
activities, and existing and potential stakeholders (e.g. policy writers, targets of policy, 
regulators, financiers). Again, this needs to be consistent with the collective goals that 
underpin it. This is consistent with this description of Actor-Networks as: 
‘…shifting alliances, ‘performed’ into existence by the actors involved, and 
necessarily include human and non-human elements. These networks are inherently 
unstable over-time, have to be continually maintained through the engagement of the 
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actors involved, and may fail and be replaced by other networks. Of interest are the 
actions of actors and networks, and the interactions between social institutions, 
individuals, groups and techno-science. If we wish to know the origins of power and 
structure in a network, that is, what drives the network or brings it into being, then we 
need to consider all the components that collaborate, co-operate, compete, and lead to 
proliferation, persistence, or perishing of that network (William-Jones & Graham, 
2003, p.273). 
9.5 translating between different ways of knowing 
This continual modification is referred to as translation in Socio-Technical Systems work. In 
his thesis, Young (2005) notes that his experience was that project after project was being 
translated by networks within and between organisations.  
This “gels” with my experience of trying to get innovations developed and established in 
organisations – they can quickly become quite different when you speak to someone from a 
different part of the organisation or someone with a different perspective. 
Further the nature of the work to be done is described eloquently in the following quote: 
‘actors are actors because they are in a networked relationship, bearing in mind that 
chairs, pens, desks, case notes are as much actors as any humans involved. A network 
is always contingent, that is, it could be otherwise so it is in continual need of 
maintenance. Its reproduction can never be taken for granted; its configuration has to 
be worked at for it to hold together. Maintaining the stability of the network is vital 
and never ending. The work of stability is done through a process referred to as 
translation. This concept foregrounds the alignment of subjectivities, values and 
interests necessary to maintain stability and order. Actors, both animate and 
inanimate have diverse subjectivities, values and interests and these need to be 
interpreted, re-interpreted, represented and appropriated if they are to remain in a 
stable configuration’ (Usher and Edwards, 2005, p.398). 
It should be noted that Actor-Network Theory (ANT) (Latour, 1987; 1999b) confronts the 
reality of translation directly and it is exciting to learn that Callon (1986) actually refers to 
ANT as ‘The Sociology of Translation’ (Young, 2005). In Callon’s paper on translation 
(1986, p.198) he describes five ‘moments’ of translation, which often overlap in reality and 
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constitute the different phases of this general process ‘during which the identity of actors, the 
possibility of interaction and the margins of manoeuvre are negotiated and delimited’. These 
‘moments’ can be useful ideas/tools for actor-network-ers. In this exploration of translation a 
similar method is used to that of Callon in his paper in which the quest to domesticate 
scallops in St Brieuc Bay based on research of another variety of scallops in the Far East is 
described. Here we explore these ‘moments’ through the lens of Andrews and NSF. 
Andrews has developed NSF on two properties – Tarwyn Park and Barramul. The question 
for scientists is simple: is this experience transportable to other similar properties in this 
region and more broadly? And more particularly is it suitable for other farming apart from 
horses? No clear answers can be given because scientists and others know that properties are 
different – with or without water courses and significant variations in geomorphology and 
climatic conditions; they also do not “know” scientifically how NSF works; and it is also not 
clear whether the results for horses (that is, prize winning race-horses sought after for 
breeding) can be translated into other animals or for crops. 
Problematisation and Obligatory Passage Points:   
Problematisation refers to the identification of what each potential actor wants – do they see 
themselves as part of this “problem”, and what state of affairs/person (the obligatory passage 
points) would be necessary to ensure that each potential actor can be positively related to the 
network. 
At the time the Australian Story was first shown, a small number of individual scientists – 
Baden Williams (Principal Research Scientist CSIRO, retired 1989), David Mackenzie 
(Agronomist – CSIRO), Wilhelm Ripl (Technical University - Berlin), Jan Pokorny (land 
and water expert from the Czech Republic), Gary Brierley (Macquarie University), Professor 
David Goldney and Professorial Associate David Mitchell (both from Charles Sturt 
University) (Jones, 2005b), were positively related to the “problem” but, more importantly, 
their institutions were not. 
Even though a number of these scientists were from the CSIRO, this organisation has come 
in and out of the picture in terms of their interest in the idea – their then Chief Scientist, John 
Williams wrote to the Deputy Prime Minister that Natural Farming Sequence (NFS) is a 
successful and sustainable farming system, but suggested that full application in other 
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landscape settings would require different suites of practices yet to be determined, some of 
which would require greater than property scale management … they rely on Andrews to 
approach State and Local Government agencies, as well as Australian business to seek co-
investment for implementation … they do though support this approach in principle 
(Andrews, 2003; Craig, 1989; Hodder, 2002; Mackenzie, 1993; Williams, 1989; Williams, 
2000; Wilshire & Andrews, 2002). It seems that scientific organisations would need to be 
able to make money from this idea in order for them to positively relate to this network. 
Interessement:  
The way actors define the inclinations of another actor, and this includes any process or 
device that comes between/blocks the pre-existing relationship between an actor and others 
who define the actor differently. 
Plants defined as “weeds” by others (blackberries, willows) are used in the NSF model to 
stabilise the soil around water courses as hard-hoofed animals (horses in this case) still need 
access to these places. There is, though, legislation that requires that land owners remove 
these weeds. Specifically the willow, which has in many places been removed en masse from 
rivers, was seen to be clogging watercourses and as invasive (one example of this is the 
report of the Albury/Wodonga Willow Management Group, 1998). Andrews on the other 
hand says that if fertility is brought back to the landscape these so-called “weeds” are not 
invasive. If they do, then their invasion has a purpose, for example, to bring nutrients up 
from deep below the surface in the case of Patterson’s Curse. 
The legislation for weeds which is only a component of the 300+ pieces of legislation related 
to natural resources that apply in the region of Andrews’ work, define the inclinations of 
farmers, they feel the need to conform. This complex of legislation blocks the farmers’ 
engagement with NSF. Andrews’ approach can be seen as anarchic by comparison; another 
block to the engagement of farmers. 
Enrolment:  
This is to do with defining and coordinating roles – the micro-politics of actually attracting 
and engaging the actors so that they play their roles. 
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In the case of Andrews with NSF he has been successful on a “natural” front as he has 
enrolled a whole raft of plants, animals, landscape, rocks and soil to play their roles in the 
natural sequences. On the “social” front enrolment has been extraordinarily difficult. You 
can see that he has enrolled individual scientists but not their organisations. He has enrolled 
some farmers, including Gerry Harvey (horse breeder and owner of Harvey Norman) to try 
out his techniques and this has expanded the range of actors to which he is exposed. Even 
with Harvey the NSF approach is only being used on one (Barramul) of his horse studs. 
Andrews has enrolled specific ministers in the previous Australian government, for example, 
John Anderson when he was the Deputy Prime Minister, but has not been able to engage 
bureaucrats or governments (local, state, federal) generally. He has though managed to get a 
specific “licence” to try his approach at Barramul and has therefore enrolled enough 
bureaucrats to be officially “allowed” to experiment. 
Mobilisation of Allies:  
This is to do with securing the links between the leaders who have been enrolled, and the 
power bases on whose behalf they speak – instruments, partners, colleagues, and key groups 
across the globe. Again, the securing of links between the leaders who have been enrolled 
and the power bases on whose behalf they speak has been extraordinarily difficult for NSF 
but I understand that recently, 2007, Andrews has begun to work with some Catchment 
Management Authorities and the scientists have formed a panel. 
It should be noted that what is being suggested is that in a moment things can change – it can 
become clear how people see the “problem” and what people either individually or in groups 
want in order to be positively related and to let the issue through; people can be enrolled and 
or disengage completely or momentarily; allies can be mobilised wholly, partially or not at 
all. 
It is extremely important to stress that ANT sees the whole, heterogeneous, complex network 
as the innovation. There is no linear causal chain running from a specific person or event, to 
the outcome. Rather there is a complex, dynamic network of relationships that not only 
contains any initial design, but also the design network and the implementation network, and 
the whole range of related actants, like the design itself, and other key players. Note that 
when you begin you cannot know what or who might be included in this network – it is easy 
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to guess some but not all, some of the potential allies for example may not see themselves 
this way at the beginning or may change their minds along the way. 
 
Image 14: The “Flower of Innovation” (with addition of dynamic environment) 
9.6 working the loops 
To bring a potential innovation “to life” and for it to have a life of its own (that is for it to be 
sustained) innovators need to engage a broad range of “players” or ‘actants’ both human and 
non-human – the whole, heterogeneous, complex network. In Latour’s explication there are 5 
classes of these interactions (1999b), shown in Image 14. These interactions are not linear. 
To continue the living metaphor – it is more like a flower in that the petals open 
simultaneously and the pistil is connected to the whole.  
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The processes of engagement is here described as a loop, because as you go out to engage 
with some one or some thing, in that engagement you find new perspectives and new ways of 
articulating and this is “brought back” to add to or multiply the “stuff” of the innovation. At 
the same time, the engagement with the other may change their perspective (modifying the 
environment). 
Logistics (or ‘Mobilisation’) 
Quoting Latour, this is ‘all the means by which non-humans are progressively loaded into 
discourse’ (including non-tangible ‘instruments’ like authority, reputation, evidence and 
supporting theories) (1999b, p.90). In all the technical disciplines this requires a movement 
towards the world; in the physical sciences it implies physical instruments; in anthropology, 
expeditions; in sociology, surveys and questionnaires. This is the so-called ‘tangible’ stuff of 
a project – it is this material that an innovator can take with her to “prove” various points in 
her argument “for” the innovation. 
This loop is also concerned with the sites where the humans and non-humans are collected 
together. Such sites would include university laboratories; computer centres; The Australian 
Bureau of Statistics; technology-intensive organisations such as the Australian National 
Science and Technology Organisation; Australasian Association for Engineering Education; 
Defence Science and Technology Organisation, Australian Standards Association; galleries 
and museum collections; police and hospital databases: 
‘They are all critical objects of study for those who wish to understand the mediation 
through which humans, speaking to one another, increasingly speak truthfully about 
things … If we want to understand why ... people begin to speak more authoritatively 
and with more assurance, we have to follow this mobilisation of the world, thanks to 
which things now present themselves in a form that renders them immediately useful 
in the arguments that scientists have with their colleagues. Through this mobilisation, 
the world is converted into arguments…it is the logistics that is so indispensable to 
the logics of science’ (Latour, 1999b, p.101). 
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Colleagues (or ‘Autonomization’) 
This is the process of finding and engaging colleagues in a project. This loop -- ‘(c)oncerns 
the way in which a discipline, a profession, a clique, or an ‘invisible college’ becomes 
independent and forms its own criteria of evaluation and relevance’ (Latour, 1999b, p.102).  
This is the process by which chemists emerge from alchemists, sociologists emerge from 
philosophers, biochemists emerge from biologists and chemists, and social psychologists 
emerge from sociologists and psychologists and hopefully ‘sustaining engineers’ emerge 
from the vast array of engineering disciplines and other professionals. This loop also 
involves institutions (organisations plus resources plus regulations and statutes, such as 
Engineers Australia) – the places where cliques, researchers, groups, clusters form coalitions 
across disciplinary boundaries to pursue shared and recognised interests (e.g. an innovative 
policy or program or product). The institutions are also necessary to manage the 
controversies – the flow of data produced by the first loop has to convince the colleagues in 
the second loop. 
Allies (‘Alliances’) 
This loop is about forming alliances to embed the development or innovation in the broader 
social, economic and political context. However, as Latour (1999b) argues, it is not about 
historians placing an innovation in a context to explain the failure or success of a specific 
project, it is about innovators themselves placing their discipline or project in a context 
sufficiently large and secure enough to enable it to exist and endure. Without this loop 
instruments will not be developed, disciplines/projects will not become autonomous and 
institutions will not form. In the scientific domain, such alliances do not pervert the flow of 
scientific information; instead, they make the “blood” flow faster and the pulse rate higher. 
To succeed, a clinamen28, or relatedness that makes them swerve from their path has to be 
created that makes links between; for example, physicists and industrialists, social scientists 
and politicians, or kings and cartographers appear, in retrospect, to have been inevitable. As 
Latour says --  
‘(w)ithout this labour of making people interested, the other loops would be no more 
than armchair travelling; without colleagues and without a world, the researcher 
won’t cost much, but won’t be worth much either. Immense groups, rich and well 
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endowed must be mobilised for scientific work on any scale, for expeditions to 
multiply and go further afield, for institutions to grow, for professions to develop, for 
professorial chairs to open up.The skills required for getting others interested ... are 
different from those necessary for setting up instruments and for producing 
colleagues’ (1999b, p.104). 
Public Representation (or ‘Public Perception’)  
This is the loop scientists and other innovators must travel in order to take care of their 
relations with the man and woman in the street, with reporters, with pundits, with talk-back 
“shock jocks”, with public perceptions of the functional, political, national or aesthetic value 
of a potential scientific development or innovation. Thus -- 
‘(e)ven if the instruments were in place, if peers had been trained and disciplined, if 
well endowed institutions were ready to offer a home to this wonderful world of 
colleagues and collections, and if government, industry, army, social security and 
education provided the science with wide support, there would still be a great deal of 
work to be done… Contrary to what is often suggested by science warriors, this new 
outside world is no more outside than the three previous ones: it simply has other 
properties and brings people with other qualities to the fray…Like all the others, this 
loop requires from scientists a completely different set of skills, unrelated to those of 
the other loops, and yet determinant for them all’ (Latour, 1999b, p.106). 
Latour argues that this loop has become more important in today’s climate where science and 
innovation are deeply dependent on public support. This situation applies equally in the 
social and physical sciences (e.g. the public response to the latest research on child-care, on 
the one hand, and GM crops, on the other). 
Solution Development and Design (‘Links and Knots’)  
This is what holds the other loops together, and without this core they wither and die. 
Traditionally this core has been called “the concept”, but Latour proposes a more radical 
role: 
‘Science warriors defend the conceptual content of science with the wrong sort of 
metaphor. They want it to be like an idea floating in heaven, freed from the pollution 
 - 169 -  
of this base world; science studies wants to understand it more like the heart beating 
at the center of a rich system of blood vessels….The difference in metaphors is not 
trivial ....A concept does not become scientific because it is farther removed from the 
rest of what it holds, but because it is … connected to a much larger repertoire of 
resources’ (Latour, 1999b, p.108). 
Latour argues that an understanding of science is bedevilled by attempts to enucleate the 
conceptual core, thereby reducing the loops to “content” and “context” (and, by implication, 
to “contingencies”). This is the last of Latour’ loops but in Image 14 some arrows have been 
added.  
Context  
These arrows indicate that all these activities take place within the broader macro 
environment with its dynamics. Developing, articulating and applying an innovation or 
scientific theory is extraordinarily difficult within our turbulent (or localised-vortical) 
environment as everything is seemingly “against” it. For example, climate change is now 
being seen in the light of the economic view that it will cost more to respond and that this 
may effect Australia’s competitiveness if others are not similarly required to contain their 
greenhouse gas emissions (The Pew Centre, n.d.). Businesses are thus seeking products that 
can make money at the same time as responding to climate change. The NSF example, 
though is not a product in the traditional sense and we can see how normal “economic” 
thinking would be a huge barrier as people cannot see how to make money out of it.  
Simultaneity 
In Pandora’s Hope, Latour describes that the five loops outlined above -- ‘have to be taken 
into account simultaneously for any realistic rendering of science’ (1999b, pp.99-111) (my 
bolding). This is extended to say that these five loops plus the dynamic nature of the 
environment must be taken into account for any realistic rendering of the emergence of an 
innovation, as it is by understanding the relationship between the innovation and the 
environment that provides the relevant complex. 
I was drawn to what we have called the “Flower of Innovation” as a representation of the 
reality of innovation and when combined with the concept of system-in-it’s-environment, a 
powerful combination emerges. 
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The “Flower of Innovation” is a powerful articulation of the “life” of an innovation; it is 
about flow, in Latour’s terms ‘blood-flow’, about circulation; when we are “on” to 
something the blood flows faster, the arguments get more intense, people “connect” partially 
with the idea, these partial connections “fill in” or “open up” the petals. This could even 
mean withdrawing blood from the extremities so that the matter at hand has as much flow as 
possible (i.e. other less important things (at the time) get dropped, people “swerve”, to 
concentrate on the issue at hand).  
Expanding further on the flower within the dynamic environment, we can expect strong 
feedbacks between the “loops” of interactions – a supporting environment primes the public 
for supporting messages which, in turn, facilitates the formation of alliances and attracts 
funding and other instruments of power, making the project more attractive to colleagues. On 
the other hand, where the environment is not supportive colleagues are not going to support 
what they see as a “brave” innovation. For example, the impact of increasing relevant 
uncertainty on forecasts of the success of ICT innovations, reinforced by the climate of 
caution generated by the dot.com crash, and recent ICT failures, led to the proliferation of 
growth strategies based on acquisition, financial engineering, and market segmentation, 
rather than innovation. 
What is very interesting is that when we show this model – the “Flower of Innovation” to 
practising engineers, scientists and consultants they very often say “that is what I do”. The 
distinction that is made here is the level of moment-to-moment awareness of this and the 
ability to reflect on the implications of this being “what they already do”. It can also be seen 
that many practitioners would not want to be too open about what they are about while they 
are “in” it as many of these relationships are developing and if some parties became aware 
too early of other parties and potential settlements the whole thing could fall apart. This is a 
very political practice. The tensions are often ones of difference in Bateson’s frames of 
learning. That is, whether people are “following others’ lead”, “improving within an existing 
set of alternatives” or willing to reconsider “the set of alternatives from which their choice is 
made” or even more challenging to ”make a corrective change in the system of sets of 
alternatives” (their ontology) – there are different skills required. 
These five loops can be used as a sort of “checklist” in the Action Planning of the Search 
Conference articulated in the (some) method that transforms chapter. It is valuable to review 
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actions against logistics, colleagues, allies, public representation and links and knots. What 
logistics (evidence in the form of business plans, surveys, research) would we need to win 
over colleagues, allies and the public? Who and what would we need to engage, to convince, 
a (potential) actor-network of the viability of our plan and further what modifications to our 
plan might come about if we engage these actor-networks? Actor-networks would be formed 
and (re)formed in such an engagement. For, as we develop the relationships with logistics, 
colleagues, allies, public representation translation occurs in the “solution”. What new links 
and knots are then required? These translations will all occur within the context of the 
dynamic, complex of our environment and as new information, for example about the 
science emerges the relationships and translations may becoming stronger, may fade or may 
totally transform. 
In terms of teaching engineers what engineering and innovation is about this is a very 
powerful approach. This practice of “actor-net-work-ing” is a conception of science of 
innovation and of engineering which shifts us into a very active, connecting way of working 
(ontology) where actors (the solution designer developer, colleagues, logistics, alliances and 
public) are all “performing” this linking and knotting, within our complex, dynamic 
environment.  
the role of the researcher – as activist 
Latour goes on to say that -- 
‘ANT claims to be able to find order much better after having let the actors deploy 
the full range of controversies in which they are immersed. It is as if we were saying 
to the actors: ‘We won’t try to discipline you, to make you fit into our categories; we 
will let you deploy your own worlds, and only later will we ask you to explain how 
you came about settling them’. The task of defining and ordering the social should be 
left to the actors themselves, not taken up by the analyst. This is why, to regain some 
sense of order, the best solution is to trace the connections between the controversies 
themselves rather than try to decide how to settle any given controversy. The search 
for order, rigor, and pattern is by no means abandoned. It is simply relocated one step 
further into abstraction so that actors are allowed to unfold their own differing 
cosmos, no matter how counter-intuitive they appear…ANT claims that it is possible 
to trace more sturdy relations and discover more revealing patterns by finding a way 
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to register the links between unstable and shifting frames of reference rather than by 
trying to keep one frame stable’ (2005, p.23). 
This quote promotes ANT as having its raison d’etre in the world with the innovators and 
their networks. This is an important shift of power away from the experts and managers. 
There is though in this quote an element of a follower function for the analyst (the 
researcher).  
I would argue the need for the researcher to be an actor too, and that the researcher needs to 
take part in the ordering of the social, especially where they are working with collective goals 
for the future. I want to move ANT into the tool kit of the activist. I agree though that we 
shouldn’t try to ‘keep one frame stable’ and that we should find ways to ‘register the links 
between unstable and shifting frames of reference’. 
Black Boxes 
In early articulations of ANT (Callon, 1986; Latour, 1999b; Law & Hassard, 1999) it is 
described as being -- ‘concerned with the creation of what it calls “facts” or “black boxes” 
(Vidgen & McMaster, 1996), like new technologies or policy innovations. These facts do not 
wait passively to be discovered – they are created by networks of human and non-human 
“actants”  (Latour, 1987) which gradually evolve from “an assembly of disorderly and 
unreliable allies” to “something that closely resembles a black box”’ (Latour, 1987, p.130). 
That is, we can operate the thing that is the black box, the “object” without knowledge of 
what goes on inside, rather we know what needs to go in (inputs) and what comes out 
(outputs). We do this of course on a regular basis with technology – such as mobile phones, 
computer programs and even such mundane things as vacuum cleaners and washing 
machines. 
In the process of creating the “black box” though, the network is strengthened as new allies 
join, and the box becomes blacker, the facts become harder (i.e. more likely to be accepted 
unconditionally, and seen as inevitable/natural). Each actant subtly translates the shape and 
form of the innovation, as they add their resources. Thus, from the perspective of early ANT, 
an innovation is best represented as a network of heterogeneous elements that is 
subsequently “black-boxed” as “the innovation”. Furthermore, the innovation always 
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includes the science that went into the original concept but is not restricted to it (Young, 
2006). 
This idea of “black  boxes” has now been extended with the looser imagery of “clottings”. 
Both these ways of imagining the results of engineering continue in play.  
ANT reflects heterogeneity as it ‘…looks at relationships within a social AND natural 
world…’ and ‘ANT is interested in the interconnections between many different kinds of 
“points”, and accepts heterogeneity, looking at what just about everyone else misses’ 
(Young, 2006, p.185). 
9.7 my “move” to actor-net-work-ing… 
In taking up an interest in these ideas and methods of ANT, that were new to me, I got to meet 
new people and make new connections and articulate my ideas, thus forming an actor-network. 
We were asked to prepare and deliver a program for the Minerals Tertiary Education Council 
(MTEC) on sustainability. In the preparation of this program I got to meet a range of Minerals 
Technology academics as well as a new education academic. In discussion with her I shared my 
perspectives including ANT and its value in studying sustainability. She introduced me to a 
research group at Melbourne University, the ”ANTers”. 
The “ANTers” continue to provide me connections with the literature, with a new set of people, 
with ideas, with the chance to show my stuff in an expert, critical setting – I had been 
introduced to a net-work by net-work-ing. Notice the name of this group the ”ANTers” – it was 
a long time after the then organiser of this group used this name before I saw in it the 
possibility below. 
9.7.1 the appeal of ant-ing in five moves 
The next sequence takes you through a de-construction and re-construction of ANT, using 
some quotes from the literature and my responses. 
1st move: contrasting Network and net-work 
In On Recalling ANT Latour (1999a, p.14) describes that -- 
‘(around the late 70s early 80s) …network, like Deleuze’s and Guattari’s term 
rhizome, clearly meant a series of transformations – translations, 
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transductions…With the new popularization of the word network, it now means 
transport without deformation, an instantaneous, unmediated access to every piece of 
information. That is exactly the opposite of what we meant. What I would call 
“double click information” has killed the last bit of the critical cutting edge of the 
notion of network. I don’t think we should use it anymore at least not to mean the 
type of transformations and translations that we now want to explore’. 
Further, it should also be remembered that -- ‘“network” in ANT is not a technical network, 
like a telephone network. Their “network” is a translation of the French “reseau”, a word that 
was first used to avoid the Cartesian divide between mind and matter’ (Young, 2006, p.25). 
My use of the term network in this frame is less like our technical networks of today that 
transports without deformation (those of ICT Networks) and more like net-work – with a 
lower case n and a hyphen to punctuate ‘net’ and ‘work’ to remind of the distinction – it is 
more like the work of making nets, for example transforming pieces of string or rope into a 
net or working with a net in the sea to catch some things and allow other things to flow 
through. 
2nd move: contrasting Actor, Actor-Network and actor-net-work 
Also, Latour sees as problematic -- 
‘…the word “actor” in its hyphenated connection with the notion of 
“network”…Most of the misunderstandings about ANT have come from this 
coupling of terms, one that is much too similar to the traditional divides of social 
theory…The original idea was not to occupy a position in the agency/structure 
debate, not to overcome this contradiction…maybe the social possesses the bizarre 
property of not being about agency and structure at all, but rather of being a 
circulating entity…ANT concentrates attention on movement…the network 
pole…refers to…the summing up of interactions through various kinds of devices, 
inscriptions, forms and formulae, into a very local, very practical, very tiny 
locus…Big does not mean “really” big or “overall”, or “overarching” but connected, 
blind, local, mediated and related’ (Latour, 1999a, p.16).  
These poles “actor” and “net-work” could be portrayed like those in Image 15, a sort of 
electric or magnetic dipole – the two together make the “action” happen. In a magnetic 
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dipole it is the interaction between the two poles that produces the patterns in between. If you 
have one pole or the other then this patterning does not appear. 
 
Image 15: The "actor" and the "network" poles with flux between them 
The “actor-net-work” of my conception is a circulating entity and “actor-net-work theory-
ing” concentrates attention on movement  doing “actor-net-work theory” becomes “ant-
ing” and thus the “ANTers” mentioned above net-work. 
3rd move: contrasting ANT, actor-net-work theory-ing and ant-ing 
Law doesn’t like the contraction to the shorthand ANT that has occurred in the literature. He 
says this -- 
‘removes this productive coherence even further from view. The blackboxing and 
punctualizing that we have witnessed as we have named it have made it easily 
transported. They have made a simple space through which it may be transported. But 
the cost has been heavy. We have lost the capacity to apprehend complexity, 
Lyotardian heterogeneity’ (Law & Hassard, 1999, p.2). 
By some simple movements we can transform this argument and get back the 
complexity/heterogeneity and the movement, the circulating nature embedded in this term. 
Think of it as “ant-ing”. Remember all those trails of ants that circulate around and 
seemingly transform vegetable matter into nothing, their building of nests, the dumping of 
their waste as far from their living space as possible (Johnson, 2001), the complexity of 
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thinking about why they do what they do, how order emerges without any external direction. 
Thus we could have this idea of “ant-ing” where we concentrate our attention on the action, 
the world-building, the movement, the transformations, the translations. Notice also the use 
of the lower case – a lower case practise of ant-ing - rather than a Method called ANT. This 
being like an ant is a form of metonymy. 
I see myself as “actor-net-work theory-ing”, in short “ant-ing”. I am out there in the wide world 
ant-ing, following trails, meeting people and finding out things about what they do and how and 
why they do it, partially … in order to participate in transforming the world with purpose. 
4th move: ant-ing as performative, making and remaking realities 
We should remember that this isn’t a very stable thing it can so easily come apart – as new 
information or new connections are made, new realities for the actor-net-works emerge. It is 
hard work. It requires a constant awareness of the set of partial connections (with all this 
“knowing”) and the need to make and re-make them. I draw your attention here to 
prehension again. Law (2004, p.15) describes this well in his comparison of ANT-like 
methods with “traditional” methods, saying it is not -- 
‘a more or less successful set of procedures for reporting a given reality. Rather it is 
performative. It helps to produce realities. It does not do so freely and at whim. There 
is a hinterland of realities, manifest absences, and Othernesses, resonances and 
patterns of one kind or another, already being enacted and it cannot ignore these. At 
the same time, however, it is also creative. It re-works and re-bundles these and as it 
does so re-crafts realities and creates new versions of the world’. 
He goes on to reflect on the stability of these new versions saying ‘enactments and the 
realities they produce do not automatically stay in place. Instead they are made, and remade. 
This means that they can, at least in principle, be remade in other ways’ (ibid). There is not 
much stability here and there is complex plurality. 
5th move: ant-ing as relational – fabricating knowledge in action with all actors 
Usher and Edwards (2005, p.408) have made visible the connection between ANT, learning 
and knowledge production. They say that it -- 
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‘presents a way of thinking and seeing that is relational rather than individualistic and 
that it gives equal importance to the non-human as well as human in social practices. 
Learning can therefore be understood as the fabricating of knowledge in action and 
interaction within settings where human and non-human actors are equally 
significant. It brings to our attention that knowledge production is a material process, 
about building and managing of the heterogeneous and resistant. Knowledge 
production is work, the mobilising of heterogeneous elements that require continual 
management precisely because of their resistance to management’. 
It should be noted that innovating is work, we don’t normally produce knowledge for itself, 
and particularly as practitioners we produce it to do something with it. 
It is not all movement though; sometimes we want/need to stiffen up, to ‘black-box’, have 
“it” accepted unconditionally. ‘Clottings’, either unexpected or expected, are required 
otherwise we wouldn’t be able to cope with all the things that we have to deal with. At other 
times it is necessary to open up the black-box of our systems/processes/technologies. 
Particularly when there is a crisis in sustaining life we need to consider ‘re-mobilising the 
heterogeneous elements’ and ‘re-crafting realities and creating new versions of the world’ 
(Note: my additions and change of tense). 
We need to do/be different things at different times but how do we know when to do/be 
which?  We will return to this later. 
9.8 comparison of ‘ant-ing’ with Diffusion Theory 
‘ant-ing’ proceeds from a set of assumptions – ‘it is concerned with the creation of “facts”, or 
“black boxes” like technologies and innovations. … these facts do not wait passively, 
waiting to be discovered – they are created by networks of human and non-human “actants” 
(Law, 1986, p.235), which gradually evolve from “an assembly of disorderly and unreliable 
allies” (Latour, 1987, p.130)’ (Young et al, 2004, p.16). So ‘facts are fabricated; we make 
facts’ (Latour, 1999b, p.127). 
On the other hand, existing, linear theories of innovation such as Diffusion Theory (Rogers, 
1995), which focus on diffusion through “early adopters”, the importance of communication 
channels and/or the identification of technically and economically “superior” innovations 
quite explicitly separate society and technology, in contradistinction to socio-technical 
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thinking. In a throw back to Newtonian thinking, the “fact” of the innovation is seen to be 
waiting passively to be discovered, and those who refuse to acknowledge the “fact” are 
labelled “resistors”, protecting some “vested interest”. 
At its simplest, diffusion theory presents a linear, past-to-future causal chain which, for 
example, is incapable of explaining such innovative outcomes as the success of VHS (versus 
BETA) or the QWERTY keyboard where, instead of an “innovative” genius and a 
technically superior product, we see a coalition of interested parties co-producing a 
commercially successful but technically “inferior” innovation. 
The network is strengthened as new allies join, and the box becomes blacker, the facts 
become harder. Each actant translates the shape and form of the ultimate fact (or innovation), 
as they add their resources. Competition is resolved in favour of the more extensive network. 
This approach fits the VHS : Beta, and QWERTY : Dvorak competitions perfectly – VHS 
has become black-boxed as “video-recording”, and the QWERTY layout has become black-
boxed as “the keyboard”. 
9.9 what emerges for engineering practice? 
We already have three propositions for engineering: 
1. Creating what can be… consistent with collective goals … 
2. Creating an escape from our labyrinthine, turbulent predicament and 
3. The appropriate method for engineering a living, open system is active adaptive 
planning, using foresight to create a desirable and feasible future (or outcomes) for 
the system as a whole. 
In these, and further through the work on ant-ing, a vastly different paradigm is being 
articulated for engineers; different from the “rock solid” but also different from the “clock-
work machine”. I am proposing that we need to produce sustaining outcomes in a dynamic 
turbulent environment. To do this we need to practice ‘active adaptive engineering’, and 
we need engineers and engineering to learn and therefore to evolve. 
To help with understanding active adaptive engineering to produce sustaining outcomes in a 
dynamic turbulent environment, it is valuable to consider the issue of environmental flows in 
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rivers. The very hard work required to achieve these sustaining outcomes has very little to do 
with hydraulics of flow (there are models and techniques available to analyse and calculate 
this). It is much more to do with why environmental flows are necessary and who and what 
are affected and how do you choose between all the potential beneficiaries and those that 
may lose out.  
How do you work with the changing positions of the stakeholders, including of course water 
“rights” which were put in place when water was an endless resource and the “rights” of the 
ecosystems that abut the river? These stakeholders are both: 
• human – the farmers, the urban communities along the banks that draw water for 
consumption, the communities who use the river for waste water removal as well as 
the fishermen and the indigenous people; and  
• non-human – such as the river, the wetlands, the river red-gums, the wild-life, the 
dams and pumps taking water for irrigation. 
How do you work with the changing context that we are coming to better understand – the 
science of climate change and the risks that are involved? Where and how are the processes 
to deliberate on environmental flows being put in place with all those people and things that 
have a “stake”? How do we “keep track” of the outcomes of our sought design? This is a 
very different engineering problem to work with. 
And now having developed our understanding of ‘ant-ing’ we are ready for a fourth 
proposition. 
Proposition 4:  
Engineering practitioners making heterogeneous connections. 
Once we are actively adaptively planning within a living, open system our collective goals, 
our desirable and feasible futures, and creating what can be, including escaping from our 
labyrinthine, turbulent predicament we can then engage in the 4 main classes of interactions 
of the “Flower of Innovation” of Image 14. These interactions determine the sustainability of 
an engineered design: 
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• ‘Logistical activities – what has traditionally been the focus of project management 
(e.g. the research, the project, business, IT and marketing plan(s), the business case) 
• Colleagues –  forming coalitions across functional and/or disciplinary boundaries  to 
ensure that the process of designing and developing the solution is successfully 
integrated within the organisation, and with respect to the appropriate reference 
groups. 
• Potential and existing allies – forming alliances to market and sustain the solution.  
• The public – that is, public perceptions of the functional or aesthetic value of an 
engineered solution’ (Goricanec & Young, 2003, p.455). 
These processes of planning, designing and researching an engineered solution are highly 
interdependent and deeply embedded within a broader set of relationships and this is 
portrayed by the fifth class of interaction, that Latour calls Linking and Knotting.  For 
example (ibid): 
• Linking individual solutions to the complex and interdependent networks of people, 
resources and technologies which actually co-produce the solution. 
• Identifying the right mix of skills, knowledge and tools for a given phase of a project, 
even for the same kind of artefact.  
• Discriminating between non-linear projects (i.e. ‘wicked’ problems that “meander” 
into the world along extended, dynamic and complex networks of people and 
technologies – like the need for environmental flows) and linear projects that can be 
managed with traditional project management techniques, like the “waterfall” method 
(Conklin & Weil, 1998).  
• Identifying and applying appropriate research techniques to produce reliable answers 
to the questions arising from the project e.g. not only technical research, but also 
social research. 
However, as we have seen in what brings me here all of these interactions in the so called 
“task environment” take place within a broader, and increasingly turbulent, macro 
environment, where for example, the influence of social, economic and political trends can 
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have a “make-or-break” effect on the responses of potential allies, on access to resources 
(logistics), on public perceptions, and on the readiness or capacity of colleagues to actively 
support what they may well see as a “courageous” project. 
A task for engineering and engineering education must, increasingly, be the development of 
a culture of engineering that will enable engineers to deal adaptively with the ‘progressive 
composition of a common world’ (Latour, 2001, p.235). The key question then becomes one 
of organisation – in particular, how to organise a sustaining technological world – and by 
sustainable we must, increasingly mean a world we can live in.  
Proposition 5:  
Engineering organising a sustaining technological world; becoming 
broader, more trans-disciplinary, dissolving boundaries. 
To achieve the outcome of ‘a sustaining technological world’, engineering and engineering 
education must become broader, more trans-disciplinary (Nicolescu, 2002) and, at the same 
time, it must allow itself to dissolve – to give up its assertive, clearly articulated and 
autonomous professional identity (cut off from the “outsiders” in politics, social inquiry and 
management).  
In order to communicate this re-conceptualisation Image 16, an “engineering as…” poster 
was developed and presented at an International Engineering Educators Conference to 
promote this active adaptive engineering concept; an engineering that develops sustaining 
outcomes in a dynamic environment through its practices to re-conceptualize engineering. In 
this all the words have been removed from the “Flower of Innovation” and colour-coding has 
been used to connect the image to the words.   
The following is an outline of the range of subject material which will produce a sustainable 
engineering practice – through the acquisition of knowledge and skills that link engineering 
to the ecosystems within which it is practiced. Knowledge is extracted from the context as 
appropriate to the task at hand rather than revealed as a series of content “blobs” from which 
engineers/students are expected to make abstractions. Skills in active adaptive engineering 
are learnt through acting in context with an appropriate level of understanding of dynamics.
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… planning, managing and putting through by skilful acts or contrivance; 
… practicising a range of manoeuvres, that is, 
> mobilising - moving towards the world e.g. in physical sciences – 
physical instruments & laboratories, in anthropology – expeditions, in 
sociology – surveys and questionnaires, in business – project plans and 
business cases. 
> autonomizing – finding and engaging 
colleagues in a project, including 
institutions – the places where 
cliques, researchers, groups, 
clusters form coalitions 
across disciplinary 
boundaries. 
> forming alliances – to embed 
the development or 
innovation in the broader 
social, economic or political 
context. 
> representing publicly – taking 
care of public perceptions of the 
functional, political, national or aesthetic 
value of a potential development or project, and 
> linking and knotting – this is what holds the other manoeuvres 
together, this requires applications of the most commonly understood 
definition of engineering: “scientific and mathematical principles 
applied to practical ends such as the design, manufacture, and 
operation of efficient and economical structures, machines, 
processes, and systems.” 
… all as part of innovating within a broader macro environment with its complex 
dynamics. There are strong feedbacks between the “loops” of interactions and 
the process takes place in cycles. All sociotechnical innovation is necessarily an 
example of what is referred to as “action research”. 
Image 16: Engineering as ... Poster 
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Some key elements of active adaptive engineering education are (Goricanec & Young, 2003, 
p.458): 
• ‘Focal Engineering, which we have seen Moriarty (2000) define as adding Knowing 
Why to the Knowing What and Knowing How of modernist engineering;  
• Developing an eco-systemic perspective, that moves beyond the traditional 
perspectives of engineering success; 
• Pulling the Planning, Research and Design pieces together as an ongoing cycle, 
Action Research; 
• Understanding the nature of the “problem”, expanding beyond the technical into 
traditional socio-technical and systems thinking; solution development – embedding 
the solution in the task environment, embedding the solution in the macro 
environment; ensuring the innovation is sustainable and using a truly trans-
disciplinary approach in Socio-Technical Ensembles (Latour, 1999b); 
• Understanding the nature of the project to be managed -- 
− is the project linear or non-linear?;  
− the extension of socio-technical thinking as applied to the knowledge industry 
(Pava, 1983);  
− ‘Wicked’ problems or saturated interdependency (Conklin & Weil, 1998)’. 
The sixth proposition for engineering’s re-conceptualisation emerges: 
Proposition 6:  
Using Active Adaptive Planning to re-conceptualize engineering. 
The shifting of ground to re-conceptualize engineering and engineering education in this 
turbulent environment can be described as a three stage process of active adaptive planning 
as seen in Emery (1973a) and also Emery and Emery (1974):  
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• Institutionalisation of a matrix of systems – the building and sustaining of a set of 
mutually supportive relationships between all the key players in the design, 
development and delivery of the engineered solution. The relationships between the 
players need to be made robust and predictable if the project and the engineered 
solution are to be sustainable. 
• Project strategic planning employing the Search Conference methodology to bring all 
the key members of the matrix together and define a desirable and feasible future for 
the project, and the engineered solution. 
• Project design based on multi-functional project teams employing the Participative 
Design Workshop (Goricanec & Young, 2003). 
The themes that stand-out from this process are the level of participation together with the 
level of democratic process involved. From this perspective of organising a sustaining 
technological world the relationships required to develop a sustainable solution can be 
summarised by ‘no sustainable innovation without representation’ (Latour, 2001, p.2).  
In a turbulent environment these steps have to precede the more detailed project activities 
summarised earlier in this section, or the project, while having a comprehensively adaptive 
relationship with its immediate task environment, may well be comprehensively maladaptive 
when it has to proceed within a turbulent environment (some examples include – 
environmental flows in the Murray and Snowy Rivers; and many recent intensive tourist 
developments in Indonesia). 
Following the application of active adaptive planning principles, engineering practice can 
then move on to apply the comprehensive project management framework outlined at the 
beginning of this section. By approaching the engineer’s task in this way, one builds 
sustaining in from the ground up, rather than adding it on to standard practice, like many 
other baroque adaptations. 
9.10  linking forward  
Before moving on to our next short cycle, we break the sequence to explore further within 
ant-ing the idea of social spaces in another cognitive chapter of (some) knowing that 
transforms.    
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10 (some) knowing that transforms – space  
10.1 exploring space 
In comparisons of traditional and 
scientific (Western) knowledge styles, 
significant difference is found in the 
power of predictability between the local 
and the global. The power of scientific 
knowledge is based on natural principles. 
It is weak in local areas of knowledge, 
whereas indigenous knowledge is locally 
powerful but weak in predictive principles 
for distant areas (Sri Lanka Centre for 
Indigenous Knowledge, 1996, pp.vii-viii). 
We could place NSF in a traditional 
knowledge frame as it appears to be quite 
powerful locally but not yet capable of 
predicting what will happen at a distance. Here we will explore NSF in this spatial 
dimension. 
Scientific knowledge acts at a distance, remotely. This can be seen quite clearly in Law’s 
paper On Methods of Long Distance Control (1986, pp.234-5), where he argues that this 
control 
‘depends on the creation of a network of passive agents (both human and non-human) 
which make it possible for emissaries to circulate from the centre to the periphery in a 
way that maintains their durability, forcefulness and fidelity’. 
He uses an example of the ‘Portuguese expansion and reconstruction of the navigational 
context’ (ibid). He frames this as being ‘in order to secure the global mobility and durability 
of their vessels’ (ibid). He also suggests that ‘three classes of emissaries – documents, 
devices and drilled people – have, together and separately, been important’ (ibid)  in this 
context of “remote control”. 
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It could be said that it is our combination of ‘documents, devices and drilled people’ which 
makes Western science so powerful and yet this is not without hazard. For it relies on our 
best approximation, it is secular only (nothing is sacred in science), it is didactic (not taught 
through stories), learning is by formal education which tends to be positivist (rather then by 
doing and experiencing), it is written (rarely oral or visual), it is based on subsets of the 
whole – reductionist (rather than based on whole systems), it is model or hypothesis-based 
(generally not intuitive) and it is objective (not subjective) (Sri Lanka Centre for Indigenous 
Knowledge, 1996). 
In this we have been exploring two spaces – the local and the global, but ant-ing has 
encouraged the performance of relationships that create specific kinds of social topologies, or 
differently structured social spaces (Boudourides, 2001). Brown and Capdevila (1999, p.43) 
describe topology as -- 
‘“imaginary geography”, one that is ‘neither social nor “real” space but associations’ 
(Latour, 1997), and as such is no longer in the sole domain of geographers. It is rather 
the mathematician, one skilled in defining “problem space”, who serves as the model 
for traversing this complex space of associations’. 
In Young’s (2006) work he describes the work of Mol and Law who he says have applied 
topological principles to social spaces, arguing that -- ‘the “social” doesn’t exist as a single 
spatial type. Rather it performs several kinds of space in which different “operations” take 
place’ (Mol & Law, 1994, p.643). They discuss, in the context of anaemia, four types of 
space that it performs: regions, networks, fluids, and fire space. I show some examples in 
NSF, remembering also the spaces of variability in Australia in relation to ENSO (climate - 
rainfall) described earlier. 
Regional Space  
Some epidemiological facts are regional – the variations in the percentages of populations 
affected by anaemia in different parts of the world create a regional topology – in Africa a 
high percentage of the population are anaemic (between 9.4 and 50%) whereas generally in 
Europe it is rare (in the Netherlands it is between 1.4 and 2%) – this difference then allows 
the drawing of boundaries and because there is a gross difference in incidence it is ‘possible 
to build a version of the social in which space is exclusive’ (Mol & Law, 1994, pp.644-646). 
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It could be that NSF only works in certain regions. There are two ways of looking at this – 
one way is that the physical conditions need to be right for this approach to be applicable in 
other regions than the one in which it has been tested (is it applicable in “pastoral”, “wheat-
sheep” and “high rainfall” zones of Australia? - this is not just a social space it is also a 
natural space). It could be that Andrews (or some other actors) are able to engage people in a 
particular area to take up NSF – this could be because the group of people and their leaders 
align to the “problem”. An example of this could be one of the Catchment Management 
Authorities - they may see that water can be “saved” in their catchment by applying these 
techniques, thereby supporting the supply of water and also potentially improving water 
quality. 
Network Space  
‘Mol and Law note that regional maps depend on numbers that, in turn, depend on 
measurements. Measurements depend on machines that work and on having people 
with the right skills. So the creation of regional anaemia maps requires a network of 
haemoglobin measurement. Therefore, regional spaces that can be mapped depend on 
a different kind of space, the space of (actor) networks – a series of elements with 
well-defined relations between them’ (Young, 2006, p.205).  
The description of the generality of low anaemia in the European region is true, but there are 
also areas within this average where there is a much higher incidence of anaemia than others 
– this identification relies on a network of measurement. The maps of these measurements 
are then used to determine policy positions. Much of the work of the United Nations is based 
on such maps and the network of measurements that are used to produce them. This same 
concept applies in relation to global warming in that the average is higher, but there are 
extreme variations brought about by climate change.  
The measurements of the genetic and other qualities of the horses that are reared on NSF 
properties are an example of Network Space. These measurements like the anaemia example 
depend on machines that work and on people having the right skills, including comparing the 
measurements from NSF horses with horses reared with traditional farming techniques. 
 - 188 -  
Fluid Space  
Young (2005, p.212) describes fluid space as depending ‘on movement to retain stability’ 
and Mol and Law (1994, p.662) describe this more metaphorically as ‘(l)ike guerrilla armies, 
fluids melt back into the night. They circumvent. They infiltrate’. In their work on clinical 
diagnosis Mol and Law (1994) identify this topology as “fluid space” and Young (2005, 
p.209) goes on to describe this as having -- 
‘no clear boundaries. Difference is a matter of degree. When a doctor moves from the 
Netherlands to Africa, s/he gradually and continually alters the mix of components 
that make up the clinical methods (i.e. an extreme symptom of anaemia in the 
Netherlands, is a symptom of everyday life in Africa). In addition, while fluid space 
almost always contains mixtures, fluids cannot be randomly mixed. Some elements 
can be separated, for example epidemiologists can separate diagnosis and treatment, 
but sometimes they cannot – medicos invariably frame their diagnosis in relation to 
possible treatments (iron tablets are cheap and widely available, so anaemia is an 
“excellent” diagnosis) … elements and relations do not have to be well defined, and 
because elements and relations can gradually change, fluids tend to be very robust’. 
In some ways this is what Andrews has been doing over the 30 something years that he has 
been working on NSF – he has framed his message (the connections that he makes) 
according to the issues at hand at the time. NSF has at various times been about producing 
good horses, about water, about bushfires, about sediment transfer. He highlights the 
elements and relations that “work” according to the changing environment of public 
representation and where he can get purchase. He emphasises the elements and relations 
differently. 
Strathern (1991) made a case for a concept being stronger because it is fluid and intensely, 
but partially connected. NSF is fluid in its connection to nature – rather than the blocking of 
water of dams, leaky weirs provide places where water can flow through at different levels 
and at different angles – slowing the flow, de-energising the water. Blackberries are placed 
on newly-formed mounds to bind them so that if there is a storm and flood the mound does 
not collapse and get washed away and again the blackberries slow the flow, de-energising the 
floodwater. The blackberries do not invade the surrounding landscape as fertility has been 
brought back through plant life in the stream which has altered the humidity allowing plants 
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to green-up. Through connecting and re-connecting, with a multiplicity of actors (both 
human and non-human), the concept becomes vascularised, that is, the blood flows and 
innovation emerges. 
Fire Space 
Law and Mol (2000) imagine three characteristics of fire space. First, that the continuity of 
shape in fire space is affected by discontinuity – it is the abrupt and discontinuous 
movements – the shooting out and the return – that makes for the constancy of the shape. 
Second, they think of fire space as a flickering relation between presence and absence. The 
shape constancy of that which is present depends on that which is absent. Third, they 
imagine fire space, or at least one version of it, characterised by the ‘star pattern’, a single 
centre linked to multiple absent Others. They sum up the characteristics of fire space in the 
following way: ‘To say that there is a fire topology is to say that there are stable shapes 
created in patterns of relations of conjoined alterity’ (p.8). What does this mean? 
We really need a good example to help out here – the best that I can find is one that Law and 
Callon (1997) develop in their paper about aircraft design in the second half of the 20C. This 
is an appropriate example as it again deals with turbulence, asking - how do you design an 
aircraft to deal with this? 
Law and Mol (2000) use the formalism described in their earlier paper, to further articulate 
fire space. This formalism is:  
G = SW
M
/
 
The terms in the equation refer to characteristics of an aircraft wing. ‘G’ is the gust response, 
or level of turbulence, ‘M’ is speed, ‘W’ is weight of the aircraft and ‘S’ is the area of the 
wing. Turbulence increases along with high speed, low weight, and large wing areas. Aircraft 
designers pay particular interest to gust response, because significant amounts of turbulence 
will make the pilots feel sick, they can get injured from the constant bumping and in extreme 
cases the aircraft can disintegrate (Law, 2002b). 
Law and Mol (2000, p.615), argue that, in fact, this equation actually ‘takes us beyond itself’. 
G cannot exceed certain levels because, empirically, pilots will eventually undergo all the 
adverse effects: blurred vision, nausea, vomiting, and finally, black out. Therefore, the range 
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within which the figures on a piece of paper can realistically vary depends on absent others 
like sick/blacking-out pilots, and they are not present in aircraft designers’ offices. The 
formalism also comes preloaded with certain constraints on minimum speed – necessary to 
provide a reasonable probability of avoiding enemy anti-aircraft missiles. So, like sick or 
injured pilots, enemies, and enemy anti-aircraft missiles are also present but absent in the 
equation. 
So the stable shape (like a formalism, equation or reverie) implies a discrete form, and like a 
fluid object it depends on movement to retain stability. The robust movement of fluid objects 
depends on gradual change, but the movement of fire objects is an immediate flickering 
between absence and presence (conjoined alterity). Moreover, the flickering movement 
makes that part of the fire object that is present, immobile. Formalisms do not evolve or 
flow and the reverie doesn’t follow a path like a dream. 
Isn’t this what we need to take into account in considering sustaining futures – all the 
absences and presences, the flickering movement present but also immobilised in the fire? 
The mathematician, Boudourides (2001, p.10) links fire space with chaos, suggesting that --  
‘chaotic patterns are not only temporal forms but they can develop spatially too: 
turbulent flows is an example of chaotic spatialities. These are localized spatial 
patterns of irregular, unpredictable, random structures, which generically might be 
inscribed in fractal geometry…a chaotic spatiality can be considered to be a mutable 
immobile too’. 
In NSF this may be true of the view of it in “operation” in place. When driving on the road to 
the property which follows the river, you can compare the landscape, the neighbouring 
properties are brown and suddenly it appears to be greener and more fertile (an 
improvement) – it seems to have a discrete form, but when you go to actually “grasp” NSF it 
is not so clear. 
It is formed by a whole range of heterogeneous interactions and processes working with the 
movement of water as it behaves naturally across the landscape – holding back the water, 
slowing it down, and by things that are absent – like salt that is not where it should be or 
moving like it should, things are there that shouldn’t be – like the weed Patterson’s Curse 
and also Andrews’ ‘doesn’t tell everybody or anybody for that matter the whole story’ 
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(Jones, 2005b, p.11) and the outcome is seen to be ‘done by wise and measured use’ through 
the tests of ‘knocks, trial and error experience’ (ibid, p.12), in a landscape of ephemeral 
wetlands. Australia’s climate is very dry or it is very wet and if it does flood the water 
doesn’t drain away or move, it is retained as a chain of ponds – ‘water sitting in a pond and 
then trickling over into the next pond and trickling over into the next pond’ (ibid, p.13) – or 
in the floodplain – moving slowly and sometimes invisibly through the landscape. 
Andrews is undertaking a gentle restoration, though the principles are transferable – ‘each 
landholder has to understand enough of the method and then use their knowledge of their 
land to apply it in the best way to their land’ (From an interview with wetland ecologist Dr 
David Mitchell in Australian Story, Jones 2005b, p.15). 
10.1.1 mobility and mutability of social spaces  
We move on now to understanding these spaces over time. Boudourides (2001, p.1) 
describes social spatiality as ‘being mobilized into multiple translations (metaphors) as states 
in which things exist or as processes through which things are transformed’ and he sees that 
it is interesting to explore these spatialities as ‘the situated social topologies, which enable 
and frame social performances’ (ibid).  
What are the characteristics of these social spaces? Can we better describe the sorts of 
movements and transformations that (can) take place? In this way can we better understand 
the reality of our technological world? 
 Immutability  Mutability 
Mobility Networks – Immutable & Mobile  Fluids – Mutable & Mobile 
  
 
 
   
 
 
 
Immobility Regions – Immutable & Immobile  Fire – Mutable & Immobile 
Table 6: Mobility, Mutability and Social Space 
Mutability is the degree to which something can change, be transformed and mutate 
(Boudourides, 2001). Mobility is the ease with which translations, displacements, and 
movements in various direction take place (ibid). 
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Further, Boudourides locates the four spaces described above (Regions, Network, Fluid and 
Fire) against this mutability, mobility frame, this is re-presented from his paper in Table 6. 
Mutability and mobility can then be linked to objects of the four spatial types. I will 
introduce these briefly here and then connect them with NSF in the next section. 
Regional objects  
These are ‘immutable and immobile – they are part of an internal logic, an internal frame of 
reference’ (Young, 2006, p.212). For example, the causal logic for water use in the bush and 
by farmers in different regions of Australia is different than the causal logic in the suburbs of 
any of the capital cities. 
Network objects  
These are --  
‘immutable mobiles. They are capable of remaining the same through successive 
transformations as they travel along networks and, as such, they enable action at a 
distance. A simple example of this concept is a normal distribution curve means the 
same thing, no matter where it is and, moreover, equivalent positions on such a curve 
will normally lead to equivalent actions being taken, at points that are regionally 
distant’ (Young, 2006, p.213). 
In a further paper, an example of a network object that draws on the research of Portuguese 
“remote control” in Law (1986) notes that this technology is treated -- 
‘as a network…a vessel can be imagined as a network: hull, spars, sails, ropes, guns, 
food stores, sleeping quarters and crew…the navigational system – Ephemerides, 
astrolabe or quadrant, slates for calculations, charts, navigators and stars…the 
Portuguese imperial system as a whole, with its ports, vessels, military dispositions, 
markets, and merchants…There are many objects here, but ANT suggests that an 
object (for instance a vessel) remains an object while everything else stays in place 
and the relations between it and its neighbouring entities hold steady. Navigators, 
Arab competitors, winds and currents, crew, stores, guns: if this network holds steady 
then the vessel doesn’t founder, it doesn’t get seized by pirates and it doesn’t sail on, 
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lost, until the crew are broken by disease and hunger. The vessel is an effect of its 
relations with other entities’ (Law, 2002a, p.92). 
Fluid objects  
Fluid objects are -- ‘mutable and mobile – they can be deformed, within limits, and they are 
extraordinarily mobile, finding entry and exit points with ease’ (Young, 2006, p.214). 
An example of a mutable and mobile object is The Zimbabwe Bush Pump – a hand water 
pump that even though it is solid and mechanical has vague, moving boundaries. It is simple 
and malleable; it is not very stable; its boundaries are fluid (a water-producing device, a 
sanitation device by keeping out dirty water; it is nothing without a drilling rig and without 
the community to build it, use it and maintain it), as well as what makes it work (leather seals 
or bits of leather, bolts and sometimes no bolts); a device for supplying pure water (this 
depends on measuring to know whether the water is pure using E.coli level results); a device 
for building village communities (de Laet & Mol, 2000). The Zimbabwe Bush Pump is a 
fluid object in more than one sense – it is an object that deals with a fluid, water, but also it is 
a mutable mobile – a fluid object. 
Another example closer to home is in arguments about water conservation. Two sub-goals 
are in play – more efficient supply and decreasing demand. These are mixed into a fluid that 
can find its way around most of the barriers erected by the water industry and its fellow 
travellers (e.g. governments). While there is no extended drought both goals are subsumed 
under “reduce water use” and since governments consistently respond to the evidence on 
climate change with scepticism, these two goals are able to stay mixed (like oil and water 
that are actively being stirred) because there are other things to do. 
However, the reduction in available water means that conflict is already emerging within the 
water industry about the reality of pursuing decreasing demand. The combination of these 
trends could make the mixture, and the associated networks, separate (like oil and water once 
the stirring stops). If this occurred, the best that could be hoped for is that the networking 
would be limited to specific projects where the two goals were not perceived as mutually 
exclusive. The conflict above has been amplified by the Victorian State government’s 
proposal to desalinate and bring water “saved” from fixing irrigation channels through a 
North-South pipeline to “drought-proof” the city – both of these are consistent with the 
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increasing supply goal not with the decreasing demand goal. The worst outcome of this 
conflict is that a coalition would break apart with recrimination on both sides; like Regions, 
Fluids depend on coordinated networks to survive. 
Fire objects --  
‘are mutable, but immobile – exactly like a warming fire on a cold winter’s night. It 
is mutable, by nature, but immobile – it does not flow like a fluid, nor can it move 
outside the social setting it is within’ (Young, 2006, p.215). 
So the stable shape (like a formalism, equation or reverie) implies a discrete form and like a 
fluid object it depends on movement to retain stability. The robust movement of fluid objects 
depends on gradual change, while the movement of fire objects is an immediate flickering 
between absence and presence. Moreover, the flickering movement makes immobile that part 
of the fire object that is present.  
I provide here an example from my exerience with the DNA described briefly earlier. This 
design featured a split into product and solution streams. This splitting was called “cracking the 
rough to produce fine diamonds” by my colleague. It meant that the organisation could continue 
using its well-developed processes within its existing structure for product. For the “solution” 
space they needed to develop a new set of processes. We called these new processes 
deliberations. We aimed to have these exist within the prevailing structure. On the surface this 
looked to be a straightforward task, but there were political rivalries about ownership of 
customers and reward structures – not least of which was that the “product” reward system 
directly benefited staff for work with their own customers, there were comparisons of size of 
customers’ business, customers’ needs and the effort required for solution design and how that 
fitted into existing workloads that were driving behaviour. There was also of course concern 
about how the project team would fit into this process and who would “own” the design. 
The term “deliberation” was intended to be indicative of the nature of the work required, the 
level of task that was implied. The political rivalries implicit in the prevailing structure 
needed to be negotiated as part of the action. In this case deliberation represented the act of 
people who didn’t necessarily want to work together agreeing to form a coalition to have 
both product and solution work for mutual benefit, that is, for the whole organisation. These 
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deliberations then were intended to develop as a fire space. As time progressed and the 
nature of the customer solutions changed the nature of the deliberations would change. 
These are useful frames within which to see “things” – there are also a spectrum of 
variations, but these particular ways of thinking lead to ways of describing ways of 
intervening to make change. And “things” can be all of these at once.  
10.1.2 searching for an immutable mobile in NSF?  
Isn’t European farming performing long distance control through combinations of products 
(such as fertiliser for improving fertility, insecticides for eradicating pests) formed into a 
network? The network object may gradually shift with notions of “best practice”. This 
remains the case while there is no one like Andrews with other options. Immutable mobiles 
are ‘(m)obile, yes, because there is movement’ (Law, 2002a, p.91) from the wholesaler to the 
retailer to the farmers’ paddock and immutable ‘because the objects hold their shape as a 
network’ (ibid) – the packaging, the marketing, the science, the experience of previous 
generations and other farmers, the experts in government bodies and in chemical suppliers 
and the object fertiliser (or insecticide) stays steady. Here, then, the network-ness of the 
metaphor works in two ways -- ‘the immutable mobiles are themselves a network, an array. 
They are objects. But they also pass down or through a network, held in an array of secure 
and stable surroundings. If the circuit is broken then the ship starts to degrade, loses its form, 
and turns into something else’ (ibid). 
If we were to look at NSF from this perspective, and try to find the ‘structure of 
heterogeneous elements containing envoys which are mobile, durable, forceful and able to 
return’ (Law, 1986, p.235) what would the elements look like? We do know that the 
sequences of this farming can’t be patented (BT Management Services, 1997) so this is 
probably not the place to look.     
One possibility for NSF is that the genetic testing of the “product” could produce “proof” of 
the method – for example, the prize winning, race winning, genetically superior horse – 
could be an immutable mobile, and if it is mated with another horse from NSF, its offspring 
are also immutable mobile(s). Also, training materials on NSF together with trained trainers 
is another potential immutable mobile. 
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It may be that we are going in the wrong direction; maybe the fluidity of this idea is what 
makes it powerful, which leads us to mutable mobiles. 
10.1.3 searching for a mutable mobile in NSF? 
Is NSF more like this? Is it more like a fluid object – reading the surroundings and does it 
morph with the particular locality, so that when dealing with stream beds it is different from 
when dealing with waste water treatment but still basically the same set of ideas? Is it 
different when used in “pastoral”, “wheat/sheep” or “high rainfall” zones or on the west or 
east of the Great Dividing Range? 
10.1.4 searching for a mutable immobile in NSF? 
If we take our wetland ecologist’s (Mitchell, 2004, p.1) analysis seriously, that ‘each 
landholder has to understand enough of the method and then use their knowledge of their 
land to apply it in the best way to their land’ – and my extension of that to say that NSF may 
operate in Fire Space then what does that mean for its “mainstreaming” – does it mean that 
as Mitchell says that we have to go down this road but ‘we have to deal with this carefully, 
honestly and openly and we have to recognise that it is difficult to get right’ (ibid)?  
10.1.5 searching for all these at once and together? 
Maybe NSF is made up of all these – it is mutable immobile, mutable mobile and immutable 
mobile at the same time and in the same space? Our work in sustaining futures requires us to 
consider all of these options as ways of moving new innovations into the “mainstream”. 
10.2  what emerges? 
Again we have seen an empirical : theoretical pair of chapters. This time with the variation of 
an extra chapter extending anting into all the social spaces. The first chapter described the 
experiences and experiments of the farmer with transforming practices together with the 
emerging isssue of trying to “put through” his innovation beyond the farms that he was 
directly working on: into new social spaces. The second chapter explicated actor-net-work-
theory-ing or ant-ing as another way of knowing that has the potential to aid in this “putting 
through”: engendering transformation. The third chapter dealt with space, noting that social 
spaces are not simple, there are complexities of form. They may shift and change with place, 
partially, or not, they can become objects that are mobile or immobile. They may shift and 
change over time, partially, or not, they can become objects that are mutable or immutable. 
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As well as all combinations of these. Knowing space (the combination of social and physical 
– geographical and artefacts) in this way can provide access into more robust access to ways 
of “putting through”. 
10.3 linking forward 
Having come this far, an understanding of our predicament as labyrinthine and turbulent 
requiring a contextual conception has been considered, as have conventional conferences 
been explored and contrasted with some methods that transform – searching and designing. 
We have explored water and particularly NSF – a way of knowing that has transformed the 
local environment. We have sought some ways of knowing that transform the mainstream – 
ant-ing, including, mutability and mobility within social spaces.  
Next we explore the empirical/experiential work of initiating and establishing a postgraduate 
program in sustainability, with a view to understanding new ways of being.  
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11 attempts to master sustainable practice 
This is a story of a serious, intentional 
effort (together with many) to generate 
ongoing, active, more conscious practices 
with others. It is about the creation of a 
postgraduate program in sustainability 
(PPS). Note that references are not included 
as it is not necessary for the purposes of this 
chapter. 
This story is told from my perspective now, 
looking back, at the time I may not have seen 
it this way, but now I can “see” how I was 
using the ideas of my practice.  
This like the earlier conference chapter is a 
story of my experience. Unlike the 
conference chapter though I do not use the other font: for the theoretical constructs that were 
deployed in this work are used as framing for this exposition. There is a weaving of the story 
and the cognitive framing e.g. Socio-Technical Systems and Actor-Network Theory, 
including the implications of different types of social spaces, here. Again though this is told 
in order to extract what emerges, to abduct and to learn in a later paired chapter.  
The activity of this work could be described as shown in the image over the page – as a long 
meandering linear journey where gestation follows conception etc, but in reality it was never 
as clear cut as that; we were always “in process”, all of the ideas were continually “up in the 
air” as we sought “stuff” from others. We didn’t really know what we were seeking, but 
somehow we had confidence that something would emerge and be created from the net of 
connections with people and things.  
The temporal exposition imagined in Diagram 9 is inconsistent with the spirit of this thesis as 
it infers a linear causal chain which is nothing envisaged by Actor-Network Theory and 
Socio-Technical Systems. Instead this process will be described in terms of the whole, 
heterogeneous, complex network which at the same time creates changes to other systems, 
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both in its operating environment and potentially in the macro environment. It will focus on 
the performativity in the ‘hinterland of realities…that are already being enacted’ (Law, 2004, 
p.14), the re-working and re-bundling, the world building, the transforming, the translating, 
the re-crafting of realities and the creating of new versions of the world. 
 
Diagram 9: a view of the journey to and through the PPS 
In this chapter we will journey in two passes. Firstly, through the loops of the Flower of 
Innovation using the experiences of the conception, gestation and birth of the PPS. Secondly, 
the implementation, that is, the first year and what could be seen as ‘failure’. These provide 
the source material. Initially though, consistent with the approach being taken, we consider 
the context within which this innovation was being created. 
11.1  context 
These sub-sections begin with what was known of the context within which this innovation 
was being worked. 
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11.1.1 macro-environment 
In 2003 an invitation was sent to a long list of people from across the university to consider 
establishing a PPS. The intention of inviting this broad range of people was to build 
heterogeneity into the search process.  
Instead with a small group of people from two faculties, search conference techniques were 
deployed with the following trends (among others) in the macro-environment documented:  
Organisations are saying that sustainability is important; there are issues that need to 
be solved;  
Lifecycle ownership of complex problems is increasingly being examined; 
Regulations and agreements (eg UN, European Union and Quality) are requiring 
organisations to act;  
Increasingly governments are requiring sustainable practices;  
Increasing resistance to change, fear of the change, unknown, uncertainty.  
Increasing withdrawal to be in control;  
Increasing awareness that there are no simple answers and no “right” answers; 
Increasing publicity around environmental change but the message is still the same as 
20-30 years ago;  
China and India’s explosion in the use of energy and resources (use of coal and diesel 
for power production);  
Emerging issue of environmental justice (shunning consumerism), some young 
people are altruistic “build a better future”. 
11.1.2 Operating Environment 
At this same session, the following trends (among others) in their operating environment 
(Higher Education and this university) were articulated:  
Mismatch in students’ views on sustainability and creativity;  
Industry sees sustainability as incredibly complex and don’t know how to face it; 
Financial problems at the university (this is seen as the beginning and the end of the 
situation at the university), not seen to be getting better in short-term;  
Double number of environmental engineering 1st preference (BUT only this year – 
has been falling enrolments for a number of years);  
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Portfolios breaking down barriers (engineering now working with life scientists and 
other groups within “the technology faculty”);  
Researchers in design of good quality are being drawn to do postgraduate work on 
sustainability;  
Specific sustainability programs are being mooted (sustainable energy, sustainable 
design) but need cross-disciplinarity i.e. the PPS as well;  
Desire of students to be with other students of the same discipline;  
The content versus problem-based argument continues to raise its head;  
Desire for instant answers;  
Learning to solve problems in complex situations. 
11.1.3 Maladaptation to this environment 
Some understanding of the type of operating and macro-environments of Australian 
Universities had also developed while we were researching around “managerialism” in 
universities as seen earlier (Section 5.2.2). As we have already seen maladaptation was 
identified. It was noted that in its purest form, a managerialist culture seeks to implement a 
marketplace culture, and enforce the market disciplines of efficiency and effectiveness. 
People in universities are often denied the ability to actively adapt by focussing only on the 
dimensions of system behaviour and can deny the utility of other human beings in creating 
desirable futures. Further, managerialism ignores or suppresses people’s understanding of 
their (turbulent) environment. Academics and students are, increasingly, pressured to interact 
within the confines of a Producer-Consumer knowledge “factory” which makes the situation 
more intractable29.  Further, as second order responses have emerged – academics focus on 
blocking managerial “initiatives”; managers push blindly for their, often, ill-defined and 
superficial means-based solutions. Students, marginalised by both sides, wallow in cynicism, 
resignation and subversion. Since no group can achieve complete supremacy, the institution 
lapses into the self reinforcing pathologies of dogmatism, stalemate and polarisation30.  
Using the terminology introduced earlier, it seemed that this university was attempting 
through its strategic plan to create a placid, clustered institution, in a government-imposed 
disturbed, reactive operating environment, within a turbulent global environment.  
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11.1.4 Stalemate in program design 
From prior work in 2000 at a leading Australian university developing a flagship program in 
commerce for the Asian market the then most current and relevant stalemate within the 
University as a whole was generated by the assumption of many staff that what they called 
‘integrated capabilities’ were simply an aggregate of existing skill-based subjects rather than 
a new way of organising knowledge and skills.   
Note that this aggregation theme plays out broadly. If this still held true then it was going to 
be difficult for many existing academics to conceptualise and accept our ideas for an 
integrated program designed to develop these capabilities. 
11.1.5 Some “inklings” of the complexity of the environment 
This then is the nature of the environment within which this postgraduate program in 
sustainability would be developed. We had gleaned some of this before we started, other 
elements we gathered along the way. Further, other elements emerged across the timeframe 
of the work and we recognised that the state of affairs was shifting constantly. It was to be a 
difficult task to get this program “up and running”. Despite this we put together 
“postgraduate”, “sustaining” and “practice” and around the end of 2003 the PPS was 
conceived as a potential entity. 
11.2  first pass – conception, gestation and birth 
11.2.1 Solution Development and Design (1) 
The first loose links and knots of the PPS emerged out of my PhD when one day I arrived at 
my supervisor’s office excited by the idea that making sustainability the central theme of the 
undergraduate engineering programs (his role at the time) was necessary but not sufficient. 
There were also many professionals in the workforce that were coming up against 
sustainability issues in their practice and in the wider community, such as drought in 
Australia, the questions of Hutchison, the reports of the IPCC 2001, the requirements of the 
Decade of Education in Sustainable Development. I asked, wouldn’t it be good if we could 
offer these practitioners an alternative to the “download” model of learning, something that 
would be designed to transform the way that they thought about and acted upon 
sustainability? This led to the early phases, some three or four years of work, together with 
my supervisor in what we believed to be a strategic initiative for this university, for other 
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universities and more broadly for professional practice (where engineers would be included 
rather than having a program designed specifically for their practice).  
In this process of working the loops we were consciously designing and bringing into being a 
program that was congruent with our predicament of sustaining which included the 
participants’ experiences of education and the way that they have been made dependent on 
teachers to “learn”. Our intention was to help the participants to learn how to learn about 
sustainability as well as more generally apply learning to learn with others to their work and 
in their lives, to become sustaining. The first phase though was one of developing and 
establishing the program.  
 
Diagram 10: An emerging PPS actor-network 
 - 205 -  
In the next sub-sections, we will walk through the loops and the linking and knotting of this 
design and development.  
11.2.2 Logistics 
Depicted in Diagram 10 are the logistics, the so-called tangible stuff of the project or in this 
case the program – the Intention to Develop, the Business Case, the capabilities, the Program 
Structure, the approval, the online material, the “Holding the Whole” offering. These 
provided a ‘mobilisation of the world’, they provided the ‘means by which non-humans are 
progressively loaded into the discourse’ (Latour, 1999b, p.90). Creating these required a 
movement towards the world in order to understand what is possible. They provided the 
wherewithal to “prove” various points i.e. that there will be enough income to cover the costs 
associated with this program over time or that the department needed to manage this program 
differently from “business as usual”. Also in order to meet the strategic goal of shifting not 
only the students but also the university (the system within which the project sits) towards a 
more conscious way of being it was necessary to develop a case for progam leadership based 
on “Holding the Whole” rather than the parts. The micro-politics of attracting and engaging 
these actors to play their roles was not undertaken as the program leader was overloaded with 
other work, so Callon’s ‘enrolment’ within the home department did not occur. 
The system of the university was ‘clottings’ of actual embodied routines. It said that this 
program really should conform to the established way of working, ‘business as usual’. Our 
attempt to have different rules apply (such as smaller numbers of students and thus less 
revenue per class) meant that some of our colleagues were jealous (interessement).  
11.2.3 Colleagues 
Moving on now to the next loop – the excursions with colleagues informed the logistics 
(providing the agreements to put into the Intention to Develop and the Business Case) as did 
the arguments embedded in the logistics inform colleagues convincing them that they will 
get money for having students from this program in their courses by explaining the 
foundations of the business case modelling.  
In these excursions attempts were made to have colleagues from across the university, as 
well as in Professional and Accrediting Bodies ‘buy-in’ to the need for a PPS of the type that 
we envisaged and to have a role in its development and implementation. That is, they could 
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inform the design and/or the implementation of the program e.g. become supervisors of PPS 
student projects and know that this would be included in their work program or accredit 
courses from this program for developing professional competencies.  
Other propositions were not palatable, for example, providing leadership in Body of Practice 
sessions was seen to be an “extra” and no funding for these activities could be extracted from 
the system. Also, in some parts of the university where they already had programs with 
sustainability embedded, this program was seen as a competitor for students – this came 
between us, blocking the relationship (interessement). It should be noted that as this other 
program became better established this block dissolved and it was possible to have students 
exploring their options at information nights pass easily between us. Further having people 
from the PPS in this other program was seen as an advantage as it increased the number of 
students in the classes, improving viability. Some enrolment occurred and links were secured 
it was possible to occasionally mobilise power bases, for example, through the renewal of the 
Master of Business Administration program, a Sustainability stream was developed and 
MBA participants would undertake four of the PPS core courses, which meant that the 
accrediting body for management graduates became allied to the program. 
11.2.4 Allies 
Discussions were held and translations made with a range of people outside the university, 
for example, a forestry industries association, an international telecommunications supplier, 
an energy supplier and academics from other universities. The HR manager of the 
international telecommunications supplier suggested that this program would be promoted by 
this company as an alternative to an MBA. They had supported staff to do MBAs as 
professional development but often these staff following their own interests headed off to 
new companies. As this program involved sustainability work and was project-based, they 
would get immediate “return” from their staff throughout the period. They were also 
interested in the types of projects that were matters of concern for their business. 
Sustainability practitioners were invited to a planning focus group in October 2005, as part of 
the Program Advisory Committee. These practitioners came from a range of organisations 
and backgrounds – an engineering consultancy, forestry industries, a housing development 
company; an energy services delivery organisation; a business consulting and a major 
brewing company. This Planning Focus Group provided extremely valuable data to the 
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thinking in the “start-up” phase. There were many issues raised but the most memorable was 
the need to move from “rhetoric” to “reality”. There was a strong belief that enough 
information was known then about sustainability (by industry, governments, NGOs) and that 
there was an urgent need to get real practitioners doing real things in industry. 
In the second half of 2005, once all the formal program processes had been completed,  
discussions were continued with peers in other parts of the University. There was continued 
interest at the regional campus and a bid was put in to the Sustainability Fund, the program 
was discussed widely in the Business faculty, as well as in Education, in Social Science, in 
Maths, with Sustainable Energy program people and with Innovation, Service Management 
and Organisational Development program people.  
Many people from these areas described themselves as over-committed within their own 
area, they felt the need to focus on their own requirements and found it difficult to commit to 
work outside their teaching areas. Gradually arrangements were developed between the 
various parties. For example all areas were willing to accept PPS participants into their 
existing classes. Another possible alliance was emerging with EA’s The Natural Edge 
Project (TNEP) who saw a linkage with their development of sustainable development 
curricula for engineers – these courses were to be developed as electives within the PPS 
degree. 
11.2.5 Public Representation 
As we have seen already, this is about taking care of public perceptions of the functional, 
political, national or aesthetic value of a potential innovation. 
The university required that the program sit within a department so ‘public representation’ 
issues arose – the most critical of these was that many prospective participants we knew 
would see it as an “engineering” program and dismiss themselves. We attempted to get 
people in the university to “see” that the positioning of this program was important and that 
attaching it to a particular department or indeed any other organisational entity would have 
implications. 
During the gestation phase, the Director of the university’s Sustainability Institute saw that 
this program as proposed was distinctive as unlike sustainability programs offered by other 
universities it was not fundamentally about the environment but it dealt with the whole issue 
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from the students’ perspectives. So with the aim of mobilising allies, she contacted the 
Institute’s external partners who agreed that this was functional and valuable in meeting their 
needs. They did though express reservations about whether the university would “follow-
through”. They were reluctant to get involved while the program was still in gestation. This 
same lack of confidence in the university’s capability to implement new ideas had been 
apparent when developing the flagship program as described in Section 11.1.2, it had not 
changed. This emphasised the need to get the program established within the university 
before engaging further with external parties. 
For students, their ability to make “head-way” around sustainability issues shifted around 
September 2006 when Al Gore’s An Inconvenient Truth was shown, (some) public opinion 
shifted beyond arguing whether there is climate change to how to respond. 
11.2.6 Solution Development & Design (2) 
This is the linking and the knotting from different perspectives of all the conversations and 
documenting of ideas, the arguments and debate about what will work and what won’t -- the 
gathering up of all these ideas, the sifting, the connecting and disconnecting.  
Linking and knotting together all the partial ideas that had been generated through 
conversations, continued thinking, acting, bringing those interactions back that occurred for 
example in planning workshops with our colleagues, or with allies, the public, resulted in the 
design of the curriculum, as seen in Table 7, within which: 
• We coined the term sustainable practice to portray the melding of the ideas of 
sustainability with requirements of professional practice. We aimed to move 
participants towards viewing their sustainable practice ‘as not a fixed state of 
harmony, but rather a process of change … (aligned) with future as well as present 
needs’31, while taking into account the past. 
• The key capabilities or processes for introducing sustainability into existing 
organisations were seen to be problem solving, communication and change 
management.  
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Table 7: PPS Program Map 
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 Overall, throughout the 
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Sustainability Body of 
Practice 3 
Sustainability Project 4 
 
3 
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Exegesis 
Communicating with a range of 
people and groups, particularly 
- with an affected community 
- when changing direction 
Being aware of self and processes 
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Developing research skills 
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Planning implementation 
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of sustainability 
 
 
 
Detailing proposals 
Attempting implementation 
Getting into action 
Planning evaluation 
Refining implementation  
Comprehensive evaluation 
Reflecting on journey 
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• A pattern of Project, Body of Practice and Elective courses was woven, with the 
intention of developing the capabilities over the period of the program. This pattern 
had participants continuing to engage in their projects (when undertaking a Body of 
Practice course) and with sustainability practitioners (when taking a Project course) – 
this is shown in  through the use of a linked colour scheme. 
• The body of knowledge is brought by practitioners in sustainability (rather than by a 
lecturer gathering up what s/he thinks is required). In this way the body of knowledge 
is kept ‘live’ through engaging with the current context of the practitioner. Content 
also comes from students interacting with their projects, work, their lives and sharing 
this with others.  
• The program also works with participants that are in quite different “places” in terms 
of their capabilities, at the same time, it tries to keep the group or “community of 
practice” (Wenger, 1991; Wenger et al, 2002) loosely together.  
• There was “guided research”, by working with students each and every semester and 
it “worked” through students doing the same sorts of (very difficult) things, multiple 
times, and it was these iterations that gradually built their capabilities.  
This sequencing and declaration of content was necessary to ensure that academics positively 
related to the program or in other words ‘bought-in’ – this was one of the (many) obligatory 
passage points (Callon, 1986). This curriculum and the materials prepared also became part 
of the logistics. It was in these that we had embedded the arguments that supported our case. 
The design of the program was based on action learning. The intention was that students 
would link their practice with theory, through a personal learning contract, a project, a 
reflective process of journalling, gathering up artifacts of learning into a portfolio, working 
with a mentor and in the last year synthesising all this into an exegesis. The primary purpose 
of the project was to provide a vehicle for the changes that were sought and thus provide a 
context within which to “act” on issues of sustainability, to make practice more sustainable. 
The learning contract was intended to trigger mindfulness and articulation of learning. 
Through the day-to-day capturing of notes in the participants’ personal journals it was 
intended that they became increasingly mindful, capturing thinking and feelings from their 
experiences in all aspects of their lives – project, at work, at home, chosen electives, with the 
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mentor, in the core courses, and through reading and researching. The portfolio provided 
evidence of skills and a portrait of the student’s development throughout the program. One of 
the main roles of the exegesis was articulating and critically reflecting on the journey 
through the program and more specifically the change that emerged (or is emerging or 
continues to emerge), at least in part through the student’s actions and reflections. 
The program was designed to change with the students – as they progress through the 
program but also in the selection of what to do next – this was based on our ‘reading’, that is, 
our growing understanding of the cohort. The aim was to keep it as fluid an object and space 
as possible, that is, both mutable and mobile. This would allow the process of the PPS to 
ramify out with the students, the public, our colleagues, our allies, through the materials. The 
university though required the structure to be settled for three years. So we had to keep it as 
much a framework and as loose and  flexible as possible. We aimed for a network object, not 
dissimilar to the Portuguese “remote control”, where the PPS ‘remains an object while 
everything else stays in place and the relations between it and its neighbouring entities hold 
steady’ (Law, 2002a, p.92). 
The emerging of the whole, heterogeneous, complex actor-network of the PPS using the 
Flower of Innovation as framing, together with the dynamic context within which it resides, 
is illustrated in Diagram 10. 
A program was born in 2006. And as we know birth is but just a beginning…and things 
become much more complex as humanity populates the space – in this case eleven students. 
11.3  second pass – weaving and some unravelling 
11.3.1 First Year 
Wonderful experiences of “real” practice were being brought into the room and shared. We 
were building a bigger network, in Latour’s sense – ‘connected, blind, local, mediated and 
related’, through the work of the students in their engagement in the program. The PPS was 
becoming more vascularised, the blood was pumping. It was extending out to the other parts 
of the university through the supervision and through the participation of students in the 
electives.  
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Students were connecting through their projects in their business contexts. These were in the 
printing industry considering office waste, in the dairy processing industry considering the 
further use of recycled water, a teacher trying to put sustainability into the curriculum, an 
administrator in the petrochemical industry looking at office processes. Also there was a 
CEO of a sustainability consultancy looking at the practices in his business while he is 
auditing sustainability in 1000 SMEs across Australia, an engineering service provider 
looking at water and energy usage in their business, an environmental scientist implementing 
the Green Wedge strategy that she developed in a local government, a lady that was 
unemployed, started volunteering and then was employed auditing in sustainability 
consulting. An engineer was developing a green beacon in the La Trobe Valley, a second in 
the water industry looking at energy usage and another engineer implementing a program to 
improve the sustainability of developments in local governments and a person who was in 
the final stages of defence forces career was seeking a changed in career has moved to a 
wind turbine company.  
It was connecting through the ‘water-cooler’ chats and over a beer, tea, coffee, lunch 
discussions, as well as with families and friends. 
Examples of Interessement – some participants though didn’t “get” the program and were 
asking for more structure. For some, their prior educational experiences of structured 
“downloading” of content “blocked” their acceptance of this program.  Others were asking 
for structure but at the same time realising that they were learning a lot from what they were 
doing. Moments of translation, that is, enrolment were occuring.  
Reflections on the “program in action”  
After the first course, Sustainability Project 1, the participants were asked to draw what they 
imagined sustainable practice to be – there were eleven quite distinct variations of views. 
Diagram 9 emerged as I thought about how I had experienced this first course of the PPS.  
This image portrays the complex weaving of thirteen people’s (11 participants and 2 
facilitators) journeying between the four workshops (the blue lines with occasional changes 
of direction), connecting with the environment (shown as an orange background plus iconic 
images). At the workshops we were bringing the experiences of those journeys together 
(confluences the graded blue and orange circles).  
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Image 17: another, later, image of journeying through the PPS - with students 
11.3.2 The unravelling 
In latter phases of the temporal story, it unravels in some senses. An actor, the nominated 
program leader, chooses to reformulate his networked relationship; the actor-net-work is re-
configured. The relations between the PPS and its neighbouring entities no longer hold 
steady (Law, 2002a). Suddenly this innovation is potentially a threat to the department within 
which it sits, as it may fail by the existing measures of the system that is, not enough 
students, not enough revenue, at that stage which was early for postgraduate program 
decision-making but consistent with the timing of forecasts of undergraduate preferences.  
Other actors engage in the process in ways that had not been possible before. After a short 
time and at a critical period for student enrolment, the PPS was passed to one of the 
Discipline Heads without briefing; enrolment, that is, the step of defining and co-ordinating 
of roles was missed in this process. The Discipline Head expressed a very different view of 
what was required – his view was that program management (rather than program leadership 
– very different emphasis) was “business as usual” for the staff in the school. Course 
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delivery was also to be treated as “standard” fare even though the second year courses had 
never been delivered before; the first year courses needed to be reviewed after their first 
offering (given our design principles); and the request for suitable remuneration for what we 
considered the strategic work of “Holding the Whole” of this program was considered 
“extreme”. 
We, the acting program leader and I, began to wonder what we were sustaining. We were being 
offered only teaching within a “business as usual” context, where no program leadership would 
be supported. Yet we knew that program leadership was required to keep the program “alive”. 
Both of us felt that if we took up this offer we would be “drawn into” program leadership, in 
order to act with integrity with students, but we would not be paid to do this work. If, on the 
other hand, we refused this offer, we wondered what would this mean for the students? The 
students were our major concern. What would be offered and would it be congruent with the 
solution and the design principles that we had used and promoted? Would the program meet the 
expectations, which we had helped to develop through our “performance” of the program in the 
first year and through our public representation, with the existing and prospective students? 
We also felt that we would have a rather difficult relationship with our network of influence, 
our colleagues and allies (including the Program Advisory Committee) as they had not been 
consulted during the decision-making. 
The PPS though continues being, in Usher & Edwards’ words (2005, p.398), ‘interpreted, re-
interpreted, represented and appropriated’. Further, to keep an innovation alive you need to 
in Law’s (2004) words continue to make and remake the connections – keep actor-net-work-
theory-ing, ant-ing. Now the program leader had left, the acting program leader and I were 
no longer part of the PPS, and so the knowledge and our making and remaking of 
connections within this context died away. We recognised that the actor-net-work cannot just 
be set-up and left on auto-pilot. It was necessary to ‘maintain networks’, they are contingent 
upon this as stability is achieved through continuing translation. New people needed to pick 
up the pieces and try to make sense of it all and as we were disconnected (no longer 
employed) make and remake their own connections. 
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11.4  what emerges?  
Different types of emergence may exist and there may be no unified account, but for the 
purposes of this thesis I have chosen ontological and conceptual novelty as the emergence 
which I seek as the predicament that we face is new. In this way emergent phenomena are 
real features of this world of the 21C. 
The PPS did not emerge as a place for me. It did not continue in the way that we initially 
envisaged. Along the way we needed more than those good ways of doing and knowing 
described in earlier chapters. It was not enough to have good methods, it was also necessary 
to know when to use them and when to let go of them. There was more required besides – 
more ways of knowing, more ways of doing and being and more methods needed. Also the 
world was changing all the time. 
It is consistent with my view that ‘a “problem” is not located within an individual but across 
a network, it is explored as a failure of translation that renders the network unstable’ (Usher 
& Edwards, 2005, p.400). 
What failures of translation occurred?  
It became clear, in the early stages at least, that the program leader’s role was deeply 
connected to the stability of the PPS - the innovation design was fragile as others who could 
have been part of this actor-net-work worked from the premise that he was doing this work 
and thus they did not need to engage. There was a lack of translation across the department. 
Returning to the bloodstream metaphor, we know that in a fit/healthy body blood flows 
freely and blood pressure is within certain limits, and we don’t have the risk of clots causing 
blockages, distress and even death. It seems we had an already stressed and unhealthy system 
– we have seen some of this described in the contextual comments and the responses over 
time. The leaving  of the program leader caused even greater stress. 
The program was also designed as a whole, net-work-like working with individual students 
as well as the community of practice. In this way we could enable students to transform their 
lives from separate work, social and family parts to one’s where sustainability is a constant 
thread in their being. They would have others to support them in their burgeoning practice.  
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It was though seen by others to be like any other conventional program. We envisaged it as a 
University-wide program, therefore, for example, return was calculated for the university. 
After an establishment period it would provide a modest “return”. The department though 
needed it to at least break-even immediately as they saw it as “business as usual”.  They saw 
it fitting alongside existing programs, where “business as usual” equalled standard pay rates 
for staff as if this was an established ongoing program with teaching, program co-ordination 
and administration done by different people that rarely met. Also part of this was the School 
“standing-off” in an objective role and measuring – “enough participants in each course” in 
December rather than in February when postgraduate students commit. Again translations 
had not happened in the gestation phase so that when a crisis occurred there was reversion to 
pre-existing understanding of relationships, including that those in “charge” don’t want to let 
go of their power base and that academics and managers way of  operating is to “know” what 
to do. 
You also can’t be sure where the innovation will unravel from though in many experiences it has 
occurring close to “home”, that is, in the area that I am working in, or alternatively,  being paid 
from. These are usually engineering or technical areas. What does this mean for sustaining 
innovations?32 
My purpose, as well as, the purpose of the program, were being made and re-made in this 
activity, by the participants and initially by us (the program leader, the acting program leader 
and I) in our interactions with this burgeoning actor-net-work. It is the collective purpose that 
emerges I make a stand for and it is this that I treat with great care. 
These reflections are a comment on sustaining, recognising what you are committed to doing for 
yourself and with others. 
To sustain an innovation more than actor-net-work-ing, system-in-its-environment and active 
adaptive planning are needed as resources. Using the processes articulated previously 
(search, putting through) doesn’t necessarily take you “there” - expect the unexpected. 
11.5  linking forward  
My next chapter is the second of this “being” pair. Like the other chapters of this type: it 
explores the cognitive:theoretical understandings of “being”, it links this further to the story 
 - 217 -  
of attempting to master sustainable practice, further it takes the “methods” and “knowing” 
material from earlier chapters and interprets this through the lens of ontology. 
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12 (some) being that transforms 
I return again to a “streams of thought” type 
chapter.  
12.1 exploring being 
This chapter explores ways of being that 
transform to broader, more heterogeneous 
perspectives. This is another way of ‘being-
in-the-world’ (Heidegger, 1962), an 
ontology of connecting and relating at a 
metaphysical  level. 
Let us look again at individual, narrow, 
monocular perspectives. Divides are made 
– they are “set-up” in our world. This goes 
way back in our Western tradition through 
the ontological principles of Aristotle - 
good and bad, left and right, male and female. This is deeply embedded, not only in the way 
we do and in the way we know but also in the way we are in the world. This creates a world 
of opposition, of competition and of boundaries. Even though these are all ephemeral – they 
have been created in our minds – it doesn’t make them less real for they have become real in 
practice – in our habits and in our ways of being. 
The power of opposition, of competition, of setting people/things up as either/or as per the 
Aristotle example where we see the “other” as bad or against us, is that it leads to 
maladaptation to polarisation, that is, the system cannot progress, it stalemates, we cannot 
co-ordinate across the system, and to monothematic dogmatism where the depth of a system 
is constrained. These though are all part of the reality of the world in which we live and so 
any change to this reality must take that into account. 
Dialogue is often described as a means to resolve our differences -- 
‘(d)ialogue means we sit and talk with each other, especially those with whom we 
may think we have the greatest differences. However, talking together all too often 
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means debating, discussing with a view to convincing the other, arguing for our point 
of view, examining pro’s and con’s’ (Diamond, n.d.). 
Dialogue of this sort does not necessarily resolve our differences and move us on towards 
new futures. Collaboration provides other principles – it is described as ‘a recursive process 
where two or more people or organizations work together toward an intersection of common 
goals … by sharing knowledge, learning and building consensus’ (M-WD). In reality, 
consensus often means the lowest common denominator the minimum that we can agree on 
where deeper and broader understandings are not explored. 
We need both – what could be described as a balance between opposition and collaboration – 
it is rather like the riding of the bike of earlier – and more. The difficulty in consciously 
thinking about riding a bike is that you can’t “get” the gyroscopic effect of the wheels 
turning, you choose the wrong manoeuvres but if you “have a go”, “letting go” of 
consciousness, you balance. It is balancing-in-action that we have to aim for, not some 
cognitive process. Our cognitive processes could be applied to other things such as where we 
are going, our desirable and feasible future. 
Continuing the discussion of opposition – as we have seen many academics take a stance of 
critiquing which they imply leads towards solutions. We have seen that the separating out of 
the constituent elements and cutting do not take us necessarily towards creative responses. A 
purely critical way of being is one that is “against” something rather than being “for” 
something. Again critical thinking and critique is required but it should not be the primary or 
only way of being. 
The ontological shift that is necessary to form new realities requires moving from a stance of 
opposition, competition and critique towards one of conceiving new futures collectively – 
both desirable and feasible, in order to generate creative responses. In this, we are trying to 
find the best possible solution for the collective (not for any one individual). The real 
question is how do we, individually and collectively, make this ontological shift? (Goricanec, 
2008). We have seen some methods and ways of knowing that move us towards this way of 
being. 
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We could consider how to resolve these divides? Potentially we could form a solution. This 
is described in the book Transdisciplinarity, that envisages recreating integrated knowledge, 
as -- 
‘a mixture in which different particles have been dissolved, creating a new liquid in 
which those particles have lost their particularity. A solution is not just a forging 
together of different substances; each of the elements loses its original form and 
character and transforms itself into something new… the different elements can no 
longer be distinguished’  (Somerville & Rapport, 2000, p.xiii). 
This metaphor for transdisciplinarity sparked another idea – the process of cake making. The 
sequence goes like this, bringing together the ingredients and measuring them out is multi-
disciplinary, mixing them together into a solution is inter-disciplinary and the process of 
cooking – time and energy that transforms the solution into something else – the cake – is  
transdisciplinary. 
We have also seen Nicolescu’s (2002) description of transdisciplinary knowledge. This is 
described as a very different ontology from that of contemporary “experts” which is 
analytical objective knowing about what happens in the laboratory (In Vitro) that orients 
towards power, possession, binary logic and the exclusion of values. Bowden and Marton 
also describe similar views in relation to learning through a phenomenographic lens as 
involving --  
‘a non-dualistic ontology, a relational position …We do not see subject and object, 
person and world, and experience and experienced as separate. We see them 
intertwined … Reality is, in our view constituted through the mutual and intertwined 
emergence of humans and their world’ (1998).  
These approaches provide a re-imagining of the way that we describe our interactions and 
relations with the world that is more consistent with my emerging ontology. 
12.2  emerging  metaphysical commitments 
One way of considering this connecting and relating at a deeper level is ontological 
philosophy. In this philosophy best ontological-cause explanations of what is found in the 
world form the foundation rather than relying on knowledge of best efficient-cause 
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explanations. Ontological philosophers are described as using empirical methods to choose 
the best approach that works and thus are more encompassing of the idea of naturalism and 
ontological explanations (Scribner, 1999). In this framework epistemological ideas fit in at a 
second level rather than up front as a foundation. 
Ontology has been described by Mol (1999, pp.74-75) as ‘ways of being with reality’, ‘what 
belongs to the real’, ‘the conditions of possibility we live with’. If we consider the “real” 
world then we recognise that the conditions of possibility are not given -- 
‘(t)hat reality does not precede the mundane practices in which we interact with it, 
but is rather shaped within these practices. So the term politics works to underline 
this active mode, this process of shaping, and the fact that its character is open and 
contested’ (ibid). 
12.2.1 ontological politics 
In this same text, she thus uses the term ontological politics, although she attributes the 
invention of this term to Law. This then is an active ontology where our practices interact 
with reality. This though is more like language taught in Asian settings where the learning is 
first about doing, than western ontology where we are taught first about things (Nisbett, 
2004).  
At the same time we still have embedded older ways of thinking. Kant (1781) argued in The 
Critique of Pure Reason, and it is true today, that our (western) knowledge is constrained to 
mathematics and the science of the empirical world and that it is impossible to extend 
knowledge beyond this. This then has been carried forward resulting in the view held by 
some (particularly those in the objective sciences) that we have a single universal ontological 
domain in the western world. 
From another perspective we have many different areas of knowledge and different ways of 
knowing. Different subjects have different ontologies so people that need to work across and 
between these different ways of knowing will experience similar sorts of ‘interruptions and 
non-coherences’ to those described by Verran in respect of the children of her study who 
were working with the ideas of mathemtics within an African ontology, but unlike the 
children of her study these people will not have others standing alongside to ‘catch them at 
it’. 
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12.2.2 ontics 
Ontics can be considered as a ‘performative domain’ (Verran, 2007). The children of her 
study were ‘new languaging’ and ‘making visible’ their imagining between the different 
ontologies of languages and mathematical concepts. This is what is happening when the 
different journeys of the “Flower of Innovation” are occurring; there is the performance of 
ontics between ‘the person or persons with the idea’ and peers, with potential allies, with the 
public and in the mobilising of resources. New ways of considering the new idea appear 
from the interaction between “the person, persons or thing (e.g. a text or piece of technology) 
with the idea” and these “others” and it is through this connecting work that new links and 
knots emerge. It is working and re-working these relationships including the linking and 
knotting that makes the blood flow and clinamens28 are reached. 
This ontic working is further described as -- 
‘recognising and being open and explicit about the possibility and nature of 
interrupting and connecting at a level of cognition that very few people are aware of, 
we are working at the level of entities’ existence or being – ontics. It is about learning 
to manage knowing along with doubt; weaning oneself from certainty that is allowed 
by working with just one metaphysical frame. It implies recognising that reality can 
be done in this way or that, through this series of gestures, words, and material 
arrangements, or an alternative set’ (Verran, 2007, p.8). 
Ontics recognises itself as emergent, partial and performative where actual entities function 
like actor-networks (Akrich et al, 2006, Law, 2004). In Verran’s work she describes ontics as 
being content to be incomplete and accepting and valuing vagueness. It is she says -- 
‘a politics of rendering our metaphysical commitments visible, often by telling 
stories, but also in other sorts of embodied performance. Doing ontics is doing 
politics that is continually straining towards doing another sort of politics – 
ontological politics where we discuss if and how we might make explicit our 
metaphysical commitments and doing things differently. Ontics depends to some 
extent on what humans contribute in our embodied participation with the non-human 
in collective acting (including doing ontics). Ontics recognises that ontic 
commitments (re)emerge in often unacknowledged and unrecognised collective 
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action which are accompanied by considerable inertia, but which nevertheless are not 
given once and for all’ (2007, p.12). 
The notion of new concepts is also picked up by Baillie (2004) where she sees the task of 
engineering faculty as that of facilitating ‘their students to learn how to “build knowledge”’ 
(p.19). She reflects that the researcher-academic ‘believes that scientific knowledge is 
negotiable and uncertain, to be discovered and rediscovered’ (ibid) whereas the teacher-
academic (one and the same person) ‘appears to believe that scientific knowledge has one 
truth and that this one truth can be taught to willing recipients of this wisdom without 
negotiation’ (ibid). And yet when students were asked in her experiments to explore some 
engineering concepts many different but valid descriptions arose – there is no one truth for 
students. Indeed not even for these academics – they also were induced in this research to 
‘question their own notions of knowledge’ (p.20). They also became aware that ‘their 
assumed knowledge is in fact not mutual within the community’ (ibid). Baillie, in this 
research, was making conscious and visible the different conceptualisations that emerge from 
both students and academics when grappling with concepts. 
Even when we are only working between two disciplines, if these disciplines are radically 
different in their conceptions (metaphysical constructs), like those to do with engineering and 
those to do with the social or environmental, then there is probably a need to be bilingual in 
radically different languages and to consider the concepts which underpin them to perform 
new languaging and make visible new imaginings. This then results in negotiation about 
these concepts creating more relational knowledge. 
Then there are the “others” that we must interact with – lay-people, people from other 
cultures that are here in Australia and even more radical, people of another culture in their 
own culture or even interactions with nature.  
As we have seen already Verran (2006, p.11) has suggested a new analytical imaginary – 
‘already collectively enacted yet always emergent ontics’ and that ‘worlds become in 
occasional and sometimes unexpected “clottings” of actual embodied routines’. This then is a 
new imagining and “new languaging” to describe a way of seeing the world and how it 
becomes. 
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We also all know different parts of the predicament. There is much information available to 
be drawn from (the Internet, papers, books, media). And given that we now are asking people 
(particularly higher education students) to work across (at least) the economic, social, 
environmental domains (which we have until recently held separate) we are asking people to 
deal with different ways of being. 
In trying to bring about change (including bringing innovation into practice), I have experienced 
the need for ontological politics, for ontic discussion and for new (emerging and disappearing) 
ontological commitments between disciplines, between different parts of organisations, with 
“thought-leaders”, with the stakeholders – particularly with “lay people”, technology and nature. 
12.2.3 love-talk 
Latour (2002) speaks of ‘love-talk’ transforming relationships. What is meant here is not 
‘love-talk’ in the sexual sense but in the sense of loving commitment to relating. Here we are 
talking about the “in-between” – the relationships between people – ‘an experience among 
others’. ‘Love-talks’ shift time and space – we are ‘closer’ when we are ‘in love’, further 
away when we aren’t. There is also a sense of timelessness. This transformation operates in 
the listener as well as in the speaker, performing, that is carrying into effect, the thing they 
talk about, namely lovers. 
Can we generate this experience of ‘love-talk’ in our practice? Can we transform through our 
speaking? I believe that we can. I believe that I have experienced this through bringing people 
together with the hope of producing a significant change in sustaining. We can get this 
transformation in the participant (this radical change in space and time) – the capacity to open 
the future and reinterpret the past. This ‘love-talk’ is what I aspire to in my writing to affect 
the reader’s relationship to be closer, to be present and to transform.  
These ‘love-talks’ shift time and space we are ‘closer’ when we are ‘in love’, further away 
when we aren’t, together with a sense of timelessness. This is my experience of people’s 
relationships to each other and the “solution” after the dedicated work of search and design. 
We are ‘being’ differently in relation to one another, as we understand more deeply each 
others’ ways of being in the present through the sharing of pasts and intentions for the future. 
These ‘ontic’ commitments though emerge in collective action; they are not given once and 
for all; they shift and move; they are made and re-made (Verran, 2006). Again, through 
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action together there is deeper knowing, being and doing with each other. It is difficult to 
stick with “new” ontic commitments especially if surrounded by people or an environment 
with “old” ontic commitments. We can be closer to a new ontic when surrounded by people 
who “get it” and further away when with others who don’t. 
In sustaining, we need to make our meta-physical commitments visible as unlike number 
they are not necessarily generally ‘clotted’. Numbers and mathematics are well-clotted as 
they have been “around” in western thought for some time. Ideas like sustainability and 
sustaining are newer looser clottings that are being worked and re-worked – a community of 
practice is being developed. It is critical thus to re-work our meta-physical commitments. 
12.3  re-connecting with mastering sustainable practice 
There are two broad aspects from the mastering sustainable practice chapter that are here 
reflected on in relation to ‘being-in-the world’:  
• The first is related to the design of the program – this ensured that it wove sustaining 
across both the students working and personal practices; that is, into the whole of 
these professionals’ lives at the same time as creating communities of 
practice/learning. These professionals came to know that they were in action around 
sustainability constantly. Through this they were becoming more fluent and growing 
their ontological commitments. The design of this program meant that we had regular 
contact with the students to have conversation about their experiences in the world 
(their work, their lives, their projects, their electives) and how this was shifting their 
ontological commitments. This was necessary as the process of change is difficult to 
come to terms with. The assessment was based around this idea of a process of 
change and allowed the students to pursue their own interests while at the same time 
providing them with the capability in building a community of practice both within 
the program and also in their broader lives. 
• The second is related to the process of initiating, gestating, birthing, facilitating and 
leading the first year in-action and the arrested development of this PPS. This was 
also an exercise in attempting to weave together a whole practical ontology of 
sustaining for the university and for the world. What we were attempting was to bring 
the people that were associated with this program into conscious constant action with 
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the idea of sustainability (unlike the traditional approach of “set and forget” in 
relation to program design and practice). This required some metaphysical 
commitments to be re-made, initially and to again be re-made as the “idea” 
progressed. Unlike the program we did not have anyone’s commitment to regular 
interaction around this work and so we had to work with people as the opportunity 
presented or as initiated by us. This brought with it quite different levels of potential 
to ‘work the net’ as there were different amounts of time and energy commitment 
available to us to work with. 
Using these ways of being moved practice towards --  
• always being in action, consciously and unconsciously (competently) moving 
towards sustaining with others; 
• the recognition that purpose, congruence, sustaining and transforming are emergent 
properties. 
12.4  exploring the earlier ‘methods’ and ‘ways of knowing’ from 
‘being’ 
12.4.1 deliberation 
Deliberation asks people to consider evidence from expert witnesses and to integrate this 
with lots of other information together with their own collective opinions to reach a decision 
on the basis of the “best” outcome. It asks people to participate in quite a different way to 
debating (where really only a small group of people are in the “hot-seat” the many are 
passively listening to this) – it asks them collectively on the basis of the evidence to make 
their “best” judgement from the range of solutions on offer.  
12.4.2 active adaptive planning 
The work of Emery described earlier is a contextualist ontology – it recognises the causal 
texture of the context – this has been identified as turbulent for the world (or even generative 
flux creating reality) and it reconnects the system with its environment. Indeed it is the 
‘system-in-its-environment’ that is the unit of intention. Conceiving new futures both 
desirable and feasible collectively in order to generate creative responses creates a new 
reality. Further it works towards intentional practice by asking people to develop their own 
actions within the context of the work of the search conference. In this we are shifting to the 
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actors themselves the task of defining and ordering the social. This then is a different way of 
being, a much more holistic, synthetic way of operating. In this, we are making ‘a corrective 
change in the system of sets of alternatives’ and we are shifting ontology. We are also 
engaging a range of people, not just individuals but collectively.  
12.4.3 ant-ing, moments of translation, ontics 
In actor-net-work-ing or ant-ing there are moments of translation (ontological politics) with 
the stuff of the world (mobilisation), with peers (autonomisation), unlikely friends 
(alliances), the public (public representation), the linking and knotting all of this stuff 
together multiple times. This is a new way of being in relation to bringing things into reality. 
As we have seen the translation moments of Callon have some similarities with Verran’s 
(2006) ontics in helping make sense between two (at least) partially different ways of being 
in the world. When the sense-making reaches some stability then links can be secured. This 
requires a lot of (sense-making) work by the parties involved. Verran notes that people that 
are able to make the translation “visible” between two different world-views are very 
powerful people and that in education this is something to be sought or encouraged. 
12.4.4 working the loops to ‘put through’ 
The working the loops of the “Flower of Innovation” is also an active ontology. To me it 
says that the connections that are made with all the stakeholders are what makes an 
innovation become real and keeps it “alive”. Any contemporary innovation needs to be a mix 
of objects, black boxes, clottings and different spaces such as regional, network, fluid, fire. 
Further it combines movement and fixedness – mobility, mutability and translation. 
12.5  what emerges?  
In the first chapter of this pair we have seen the emerging PPS with the interpretations, re-
interpretations, representations and appropriations. The new and disappearing ontological 
commitments. It is these commitments, with humans and non-humans, partial or not, that 
form the stuff of an emerging innovation. They are not static they come in and out of focus, 
they form up or they disappear. It is though relationships at the level of ontics that is 
necessary to know whether there is any commitment and to guage the depth and breadth of 
that commitment. There are lots of “conversations” to have with all the potential 
stakeholders (including the humans, environment and technology) in the sorts of issues that 
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are the “stuff” of our predicament. These commitments need though to be worked and re-
worked. The practitioner is becoming an activist. 
12.6 what emerges for engineering practice? 
We now return to engineering after having considered doing, knowing and being. We have a 
labyrinthine predicament; engineers and engineering have had a role in this. Engineers and 
engineering can now have a role in creating what can be; better outcomes, sustaining futures. 
A seventh proposition is now developed through a connection with engineering outcomes. 
With a focus on the ‘embeddedness’ of technological artefacts which -- ‘depend on social 
matters: practicalities, contingencies, power plays, traditions. Thus, technicalities should not 
be left to professionals alone. They affect us all, for they involve our ways of living’ (Mol, 
2002, p.171). 
When one talks about ‘sustaining’ of engineering and its products, we are really talking 
about sustaining the people and planet systems within which a given product of engineering 
is deeply nested and whose end it serves. Also remember that humanity relies totally on our 
environment for life. Our ways of living and our proposed sustaining futures are intimately 
connected with our living ecosystems. 
I propose a future for engineering where our ways of living and our sustaining futures, within 
our living open system, are deeply embedded in the things that engineering produces, that is, 
not only its outputs but also its outcomes, in the way engineering is practised, that is, its 
operational processes and structures, and in the way engineers and engineering evolves, that 
is, its learning processes. 
Proposition 7:  
Sustaining futures for our living ecosystem embedded in 
engineering outcomes, processes and learning. 
The pattern of the thesis is broken here. I will explore the idea of congruence before the long 
cycle reflection. We will thus enter the concluding chapter with a complete set of the 
necessary explorations. 
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12.7  exploring congruence 
Congruence is agreement, consistency, accordance (OED). Hiley has described a poem or 
poetry of practice emerging when there is congruence between philosophy, ontology, 
epistemology, methodology. In her thesis (2003, p.100) she speaks of ‘knowing’ differently, 
as she was trying to develop her research questions, choose methods and contemplate her 
experiences of learning as a way of being -- ‘I was again led from method (M), back into the 
epistemological (E), ontological (O) and philosophical (P) origins’. 
In this articulation of POEM a one-way path to origins is described but because of the nature 
of our predicament my interest is in the congruence between these not just in how they 
originate. A synthetic praxis (practice/theory) of sustaining methods, ways of knowing, ways 
of being and philosophy is sought here and these four themes have emerged consistent with 
my purpose. Further, this POEM has been reflected in the structure of this thesis. 
With congruence the key set of explorations of this thesis is completed. We have seen (some) 
congruent philosophy – including engineering and process, transforming potentials, method, 
epistemology and ontology.  
12.8  linking forward 
The coming chapter forms a long-cycle review for this thesis, it is an articulation of what 
emerged (and continues to emerge) as my practice interacts with purpose and with the world 
– an articulation of ways of being and doing sustaining within context. 
You will see in my connecting image that the work of this chapter is imagined as the long, 
expanding lines on the “edges”. 
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13 what emerged? 
By performing a long-cycle reflection, by 
reconnecting across the thesis through the 
original research questions and what 
emerged along the way, this final chapter 
reinforces the emphases of this thesis. That 
is the need to respond to our predicament in 
ways that are potentially transforming, that 
elicit sustaining futures, through connecting 
with the whole, particularly in engineering.  
13.1 potentially 
transformational 
practices 
With Bateson’s levels of learning and the 
ideas of knowledge multiplying rather than 
adding it is possible to describe my work in 
these terms - my writing (and my research) have gone through Bateson’s levels and gradually I 
have shifted from aggregating to multiplying myself. Linking my deepening, developing and 
enriched understanding and showing my growth, the “substantive” holism that my research must 
in the end be, has emerged. 
In this thesis active, ongoing practices that have the potential to shift a culture’s experience 
of reality, as per Zander and Zander (2000, p.4) have been generated and described.  
We have seen attempts to transform the university, including a postgraduate program in 
sustainability which was potentially able to transform students’ lives, the university and work 
practices, attempts to transform the systems of production, consumption, and the 
environment, fluid space as potentially transforming, farmers as the managers of the 
transformation of energy from the sun.  
Through the work of this research and thesis some potential methods, knowing and being, 
which are forms of doing, that potentially transform have been abducted.  
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13.2  re-connecting across this thesis 
I begin by re-minding of the “whole” of our labyrinthine, turbulent environment. The early 
images of this thesis are re-introduced here (Image 1, page 28; Image 2, page 30; Image 3, 
page 31, as well as the painting which inspired these – Image 4, page 34) and note that in the 
interests of visual simplicity the busy-ness was removed from the images used at the 
beginning of each chapter.  
This chapter re-connects with these images. The combined use of text and image provides 
more evocative ways of communicating. There are many streams of thought – expanding the 
ways of doing, the methods and ways of knowing discussion together with an articulation of 
ways of being and philosophy.  
With the idea of congruence, re-connecting across the cycles of this thesis and the “whole” 
(as seen in seen in the first three images), an integral calculus emerges – a Contextual 
POEM, from: 
• The 1st short cycle of Context taking into account the whole complexity within which 
we live. The inherently complex and dynamic natural environment; within this 
humanity is making its marks; we have embedded a complex ordered landscape on, 
in, above and below the natural (Image 5, page 61) and even if we take one issue, say 
water it ramifies (Image 12, page 138). A highly interconnected world has emerged; 
which is generative flux, labyrinthine, turbulent. 
• From the 2nd short cycle of Methods or ways of doing, with the allegory of 
sustainability conferences, emerged the transforming ideas of system-in-its-
environment (Image 6, page 84), searching & designing (Image 7, page 121), active 
adaptive planning (Image 8, page 125; Image 9, page 127; Image 10, page 129), 
deliberating, as well as, galtha and garma (Image 11, page 133).  
• From the 3rd short cycle of Epistemology or ways of knowing, with its empirical 
study of holistic farming, from different phases of understanding how to approach the 
issues of farming (Image 13, page 143), emerged working the loops (Image 14, page 
165), actor-net-work-theory-ing or ant-ing (Image 15, page 175), understanding 
spatial relationships, moments of translation, mutability and mobility. Included was 
how this could work in engineering (Image 16, page 182). 
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• From the 4th short cycle of Ontology or ways of being (Image 17, page 213), the 
postgraduate program in sustainability elicited the ideas of already collectively 
enacted yet always emergent ontics, shaped by what we do in our practices, an 
ontological politics conceiving new futures – both desirable and feasible, collectively, 
in order to generate creative responses and creating new realities. 
• Lastly this Long Cycle connects across the Philosophical landscape with congruent 
ways of knowing, doing and being that emerge always in action, prehending, events 
and processes. It flows in streams and opens these out on to the floodplains and lets 
them seep through into the soil, through to the aquifers to be stored for the future.  
13.2.1 A human contextual poem 
An imagining of this synthesis of philosophy, ontology, epistemology and method in a 
human-being through purposive interaction with our dynamic world (context or landscape – 
locally, regionally, globally) partially, is provided in Image 18.  
We could also question whether it needs to be seen or whether it is making it heard. Hiley’s 
(2003) thesis advocates making the whole of philosophy, ontology, epistemology and 
methods (or techniques) heard. The sub-heading of her thesis ‘emancipating the “silent” 
voice and the “deaf” ear’ reflects this position. 
The dynamic world and the “smallness” of the human-being in this context, is highlighted in 
Image 19. As the world is turbulent it shifts around and it is possible to make connections 
with “things” through what you say and do without necessarily knowing. As it is turbulent 
and there is generative flux, the things you do here and now may very well have an effect 
there and then. These things that are connected can have ramifications throughout the 
hinterlands. Smallness does not mean lack of power - transforming potential can be imagined 
here. 
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Image 18: image of a human-being 
 
Image 19: human-being in a turbulent environment; small but powerful 
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There is consistency between these different ideas. There is in all this a tangible shift in the 
relationships with time and space. Time ebbs and flows. Space is not just here or out-there, it 
comes in many forms – global, regional, local, network, fluid, fire. Things can be in 
combinations of mutability and mobility. 
13.3  a critical and transciplinary synthesis 
This thesis performs a critical synthesis through linking across different scholars and schools 
of thought; a spine4 of transdisciplinary thinking has developed. Wickson, Carew and Russell 
(2006) say it is necessary to provide “evidence” in each of three categories for research to be 
considered transdisciplinary: 
• Problem focus – it must be ‘performed with the explicit intent to solve problems that 
are complex and multidimensional’ (p.1048). 
• Evolving methodology – it needs ‘to respond to and reflect the problem and context 
under investigation’ (p.1049).  
• Collaboration – it is important to ‘fuse knowledge from a number of different 
disciplines and engage with stakeholders in the process of generating knowledge’ 
(p.1051).  
In this section, schools of thought are linked, scholars acknowledged and “evidence” in these 
categories is pointed to. 
Our predicament is complex and multidimensional. This thesis aims to provide means to 
address this, not directly but through practices that transform the way people perceive and 
engage with reality. In this, the methodology has been informed by, responded to and 
reflected the experiences, the context (the world and Australia) and the problem (our 
predicament), under investigation in this thesis. This is reflected in the range of thought that 
is connected with and across methods, as well as philosophy including epistemology and 
ontology. 
In this thesis an attempt has been made at fusion of knowledge from a number of different 
disciplines, from across the world: 
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• Engineering philosophers and philosophies (Carew, 2004; Fox, 2006a; 2006b; 
Goldman, 2004; Hector, 2008; Moriarty, 2000; 2008; Solomon, 1997)  
• Philosophy, particularly process philosophy of Whitehead and the object-oriented 
philosophy of Latour; these understand the reality of the world as “in process”. They 
recognise movement, flux, uncertainty and not knowing. Complex processes and 
causal textures (Emery) create a labyrinthine predicament and turbulence (dynamics). 
Generative flux (Law) provides an even more metaphoric way of envisioning the 
world, through the use of “natural” concepts.  
• Sustaining (McDonough & Bruangart) and its relationship to the more common 
sustainability and sustainable development (Hector). 
• Searching (Emery), abduction (Emery), emergence (Johnson), Action Research 
(Checkland & Holwell), learning (Bateson) and transdisciplinary research (Nicolesu; 
Carew) 
 These are linked with: 
• The Socio-Technical Systems of Tavistock with their methods for better ways of 
organising work, including Emery’s contextualist ontology, causal texture as well as 
his ideas of relevant uncertainty, the system-in-its-environment as the unit of 
intention, desirable and feasible futures, active adaptive planning, and the directive 
correlation of Sommerhof. These are methods that (potentially) transform not only 
work but also with extensions can transform the world. In these methods, 
stakeholders are engaged in the process of generating knowledge. 
• Actor-Network Theory, science/engineering reality, that is, science-in-action (Latour) 
recognises all the other translations and alliances necessary to get an innovation “up” 
within these complexities. Dealing with the actants, and their translations (Callon) 
and Law’s complex plurality, engages recognisable and prospective stakeholders in 
the process of generating knowledge.  
• In this thesis a translation occurs into actor-net-work-theory-ing or ant-ing through 
several moves that connects actants, spaces and objects. It is the combination of the 
variations in social spaces operating in complex ways that brings things into being 
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and keeps them (or not) in place. This can be seen in the various types of spaces 
described (Boudourides; Young; Mol & Law) – traditional (integrated localised 
action), scientific (objective global concepts; remote control), regional (drawing 
definite boundaries), network (depends on machines as well as people with 
machines), fluids (depends on degree; elements and relations not well defined), and 
fire (abrupt and discontinuous movements; presence and absence). There are also the 
different forms of objects that emerge from this thinking – black-boxes, clottings, 
regional, network, fluids and fire. 
• The ontics of Verran and ontological politics of Mol where different and changing 
world views come together, including translation (Callon; Latour) across these world 
views – those that can do this are powerful people, engages people in the process of 
generating knowledge. 
A congruent synthesis is created. Practices that have the potential to transform towards 
sustaining futures are identified; these are integrated into engineering and engineering 
education rather than adding on to an already overloaded practice or curriculum.   
13.4  for engineering practice 
In this section, the focus is on engineering practice and its re-conceptualisation as it has 
emerged from this research. Eight propositions for reconceptualising engineering practice 
have emerged, seen in Image 20. Through these sustaining becomes deeply embedded in the 
things that engineering produces (i.e. its outcomes), in the way that engineering is practiced 
(i.e. its operational processes and structures) and in the way that engineers and engineering 
learn (i.e. its evolutionary processes). 
We need to recognise the reality of our situation. Our predicament is a complicated dynamic 
flux of social (which encompasses all the systems, networks and processes including the 
financial, the technical and technology) and natural (cycles and circulations across land, sea 
and air), which has emerged over time, creating a turbulent texture, which is generating 
reality. Engineers have, and engineering has had, a role in bringing this labyrinthine, 
turbulent predicament into being, not least of all in shifting humans from prime movers to 
controllers of high-power flows. Even though engineers have provided the technology and 
 - 238 -  
techniques with which to make this shift many other disciplines and actants have also had a 
role in bringing this situation to be over time. 
1. Engineering as creating what can be, consistent with 
collective goals. 
2. Creating an escape from our labyrinthine, turbulent 
predicament. 
3. The appropriate method for engineering a living, open system 
is active adaptive planning, using foresight to create desirable 
and feasible futures (or outcomes) for the system as a whole. 
4. Engineering practitioners making heterogeneous connections. 
5. Engineering organising a sustaining technological world; 
becoming broader, more trans-disciplinary, dissolving 
boundaries. 
6. Using Active Adaptive Planning to re-conceptualise 
engineering. 
7. Sustaining futures for our living ecosystems embedded in 
engineering outcomes, processes and evolution. 
8. Towards a sustaining contextual poetry of engineering 
practice. 
Image 20: Imag(in)ing a new engineering philosophy: eight propositions 
There are many ways in which we are and could respond to this reality including the focus 
on sustainability that is occurring, all the innovations that are being created, the mitigation 
and adaptation activities, as well as professional practice more generally. There is, though, 
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huge potential in engineering to help in the creation of an escape from this mess. This is 
possible because engineering can be broadly envisaged as creating what can be, with its 
etymological roots in planning, managing, and putting through by skilful acts or contrivance, 
by manoeuvring.  
The two images on the frontispiece of this thesis make sense now as engineering becomes 
‘acting like Daedalus in creating and escaping from the labyrinth’; creating the labyrinth is 
represented in the Escher drawing33 and escaping from it is reflected in the image by Guy 
Ottewell. 
Sustaining an engineered solution though requires a sustainable ecosystem (system and 
environment) within which the solution is embedded. The environment must be understood 
as more than a collection of things and the relationships between them (i.e. more than its 
structure); it needs to be understood as a dynamic whole. The current environment is 
turbulent; introducing a new level of dynamics and complexity into the engineering equation 
and, concommitantly, a new level of relevant uncertainty.  
This engineering practice is not removed from the world. On the contrary, it is engaged with 
it in an endeavour to find new answers that work to resolve chronic societal and 
environmental problems. In this, engineering is more than technological, engineers can be 
more than technical experts.  
Sustaining futures can be embedded into outcomes and processes through making 
heterogeneous connections, for example with users and other stakeholders, with resources, 
with public perceptions of utility, with prevailing cultural assumptions. The four classes of 
interactions which determine the sustainability of any design are logistical activities, 
colleagues, potential and existing allies and the public. Engineering practitioners need to 
learn about these other connections that engineered solutions have. These processes of 
planning, designing and researching an (potential) engineered solution are highly 
interdependent, they are deeply embedded within this broad set of relationships. Engineering 
becomes broader, more transdisciplinary and the boundaries can dissolve through these 
interactions together with the fifth class, linking and knotting. Some elements of these are – 
all the complex interdependent networks that coproduce the solution; considering the phase 
of the project identifying the best mix of skills, knowledge and tools; understanding the role 
the whole solution will play in the eco-system and identifying and applying appropriate 
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research techniques to produce reliable answers to the questions arising from the project (the 
science).  
However, all of these interactions in the so called “task environment”, take place within a 
broader and  increasingly turbulent, macro environment. In a turbulent environment, active 
adaptive planning is the three stage process of institutionalisation of a matrix of systems; 
project strategic planning and project design based on multi-functional project teams. 
In a turbulent environment these steps have to precede the more detailed project activities 
summarised earlier, or the project while having a comprehensive adaptive relationship with 
its immediate task environment may well be comprehensively maladaptive when it has to 
proceed within a turbulent environment.   
This engineering practice can create outcomes that are consistent with collective goals –  
expectations, gleaned through participative, deliberative approaches; engineering can use 
methods appropriate for a living, open system – active adaptive planning, using foresight to 
create desirable and feasible futures (or outcomes) for the system-in-its-environment. This 
does not mean that these engineers need to understand in fine detail all the other disciplines, 
but it does mean that these engineers need to understand enough of these disciplines to be 
able to engage them in these processes. The role of the “expert” will be changed in this – 
rather than leading the discussion, experts will be engaged in this more deliberative process. 
Engineering practice will evolve through learning to work with the whole of our environment 
and outcomes will potentially emerge from this work that form sustaining, desirable and 
feasible futures. 
The task for engineering education must increasingly be the development of a culture of 
engineering that will enable engineers to deal with the Latour’s (2001) ‘progressive 
composition of a common world’. The key question then becomes one of organisation; in 
particular, how to organise a sustainable technological world and by sustainable we must, 
increasingly, mean a world that we can live in. From this perspective representation of all the 
relationships is required to develop sustainable solutions. 
To achieve this outcome, engineering and engineering education must become broader, more 
transdisciplinary and, at the same time, it must allow itself to dissolve; give up its assertive, 
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clearly articulated and autonomous professional identity, cut-off from the “outsiders” in 
politics, social inquiry and management.  
In the work of this thesis, re-conceptualisation of engineering practice has only just begun, 
but these processes, particularly this combination of processes, what could be called active 
adaptive planning can be used to continue this re-conceptualisation. 
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14 postlude - where to from here? 
14.1  for me 
I will continue to work on sustaining practice. It moves on in me and in others that I have been 
involved with – the network expands; the connections are being made, re-made and re-member-
ed. I will continue to work with people that have an interest in this area – which is, I believe, 
just about everyone – they just come at it from different directions and make different 
connections; what we need to do is provide them with the confidence to be able to make their 
actions congruent with a desirable and feasible future. Despite that it can be seen as for 
everyone I hope to persuade engineers. 
A next exploration that I think will be made is of David Suzuki’s Sustainability within a 
Generation (Boyd, 2005) with the view to developing a local version with a range of Australians, 
but I will do this as a series of search conferences. I believe that the custodians of this future 
should be young people and the indigenous population, with older people as mentors. The 
indigenous population is very important as they have a dreaming that is very much embedded in 
the land and their ancient past. If this dreaming could be combined with a view of a desirable 
and feasible future for their land and for all Australians we may finally achieve a settlement – 
reconciliation. We may become future creators rather than the future eaters of Flannery’s 
book title (1994). Australian values could be developed from the ground up for a future 
connected to a past that stands in today. Sustainability within a Generation for us Australians 
could be called Dreaming Together and could take quite a different form from the Canadian 
version – less business language and more metaphoric. 
Once this is developed it could be used as the basis of a political movement. And as David 
Suzuki said at the National Press Club it could be used to have quite different conversations 
with business and governments about what to do, to move people on from questioning the issues 
and the science to working on what we can do to achieve this vision. 
I have developed four main areas of responsibility based on the principles of Kanyini ‘The earth 
is our mother … that makes you and me brothers and sisters’ and ‘unconditional love and 
responsibility to all things’ (2007). These four main areas  are 
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• Congruence between philosophy  ontology  epistemology  method as 
we live together in one world, we must live in a way that sustains life now and for the 
future, through biodiversity. 
• Our one world, that is our global  regional  local environment. We need to 
re-think the idea of “country”. How our landscape and water works and work with it, 
rethinking place – global/local citizenship and home including the question of 
“ownership”. 
• Take a stand for collectively generated desirable and feasible futures for Australia. 
Heterogeneity is important. We need to reconsider how family and kinship fits in 
with this, as well as, how do we extend the family? Do we extend with the collective? 
• Develop a purposive, inquiry-based approach to interaction, where people are experts 
in their own lives.  
Another important thing is the relationship between two ways of working – untouched 
whole-making and making whole or complete by adding parts. This could be an ontic 
conversation – a new ontic might emerge from working the boundaries between these two. 
I note that up to here in this chapter I have not mentioned engineering. It is possible that this 
work is a new form of professional practice rather than of engineering.  
If though, engineering is the focus, it is probably necessary to be “outside” for this re-ordering 
to be possible as one can’t change the system using the logic of the existing system.  
14.2  for engineering 
I will also continue considering whether engineering is the best profession to undertake this 
transformation of practice. Is it better to try to transform engineering or to try to develop a 
new “role” to undertake these types of practices? Also if we were to go on this latter path we 
need subsequently to consider the role of engineering in creating sustaining futures. 
I hope to have engineers understand that engineering is a potential prospect for undertaking 
‘creating sustaining desirable and feasible futures’. To do this I will be drawing on engineering’s 
capacity to ‘create what can be’. Even though I have written papers and presented them and 
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discussed this quite widely there does not seem to be a “coming together” around this idea. I 
will continue to try promoting and engaging around these ideas.  
14.3  for you 
I’d love to work with you around these ideas. This is and always will be a “work in progress”, an 
attempt to “open out” the possibilities and invite “learning to learn” moments with others who 
are equally interested in sustaining futures. I don’t view this thesis as an end in itself, or just a 
report on what had been done but as an opportunity for us to connect around these ideas. 
I draw now on the metaphor of the landscape of my thesis. I have reached the end of this 
image in my thesis and you can see now that I will potentially start all over again on another 
landscape with similar patterns – streams of thought, followed by confluences, multiple times 
and learning seeping out and being drawn in – the long cycle of learning, all within purposive 
practice – a philosophy of practice for the 21C focusing on sustaining futures. The streams 
again open out into the sea of possibilities. 
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APPENDIX A: Search Conferences Record  
Two search conferences are combined in this work. They are labelled PPS (Times New Roman Regular font) 
and AUS (Times New Roman Italic font). In both cases the participants were interested in sustainability; they 
were asked to answer the questions below and their articulation is provided in the following pages.  
1. Why am I here? What brought me here? reflection (PPS) 
2. What are the trends that we need to adapt with? (PPS and AUS)  
I have identified from these conference records groups of trends. These groups are not definitive, 
rather there is an affinity. These trends as totally interconnected and are indicative of the complexities 
that we need to deal with in the ‘environment’. It is not necessary to read thoroughly all the points but 
it is valuable to ‘scan’ the material; in this way you can prehend the environment. 
3. Likely futures (if we don’t manage things) search (PPS – scenarios from 2 groups) 
4. Desirable and feasible futures search (PPS) 
5. Values (AUS) – are critical, they serve as coordinating mechanisms within a turbulent world. They add 
predictability to an otherwise unpredictable set of relationships and enable networks to grow.  
Please note that the later material in this Appendix includes the complete record (as publicly recorded): 
• This has been included to show the breadth and interconnectedness of the material and apart from the 
grouping of trends this is an accurate public record of the proceedings.  
• It is not necessary to read thoroughly all the points but it is valuable to ‘scan’ the material; in this way 
you can prehend the environment. 
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1. Why am I here? What brought me here? 
1. Small business has no regard for the environment; staff etc, need a process for implementing 
sustainability, need to show value from a business perspective. 
2. Passionate about the environment, and protection of it, working in local government, have been told 
how to go about my job, up against farmers, silos in the council, community difficult to work with 
(few very vocal immovable people), need to communicate across all, moving from strategy to 
implementation, sustainability is being pushed up from the bottom. 
3. Where am I going? What am I doing? Increasingly about education, need to get management on board 
re Health and Safety. 
4. Make changes in education, start from here in relation to the environment, spiritual connections to the 
environment (deep ecology), action plan to start the PPS. 
5. Token response to sustainability in the workplace, have lots of tools, need to get these into practice 
more, and take further in tenders.  
6. Lots of talk about sustainability and innovative, needs to get into the way we work, environment, 
health and safety.  
7. Like Built Environment and like Natural Environment, sustainability across everything, people don’t 
want to acknowledge sustainability in their lives, want to make this happen. 
8. I am personally liable for environmental and sustainability issues at work. Think of sustainability of 
populations going forward, need to bring the scholarship/solutions back to work and for children. 
9. Organisation sees sustainability as a possibility, philosophy already there, ideas from the people in the 
organisation, lacking – coming up with ideas, how to, measuring, how to go about it, methodology 
(rigour). 
10. Victorian Government has a policy, questions about sustainability, use Natural Step and Life Cycle 
Assessment at work, how do I/we go about implementing it? Environment plan is just a piece of paper, 
need to communicate/educate. 
11. Wanted connection with work, wanted to use skills in area of environment etc, have been volunteering. 
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2. What are the trends in the environment that we need to adapt with?  
(In the global context, Australian context, organisations that you work for, community) 
Group 1: Sustainability, Environment, Natural Resources 
1. Increasing environmental awareness. 
2. Loss of heritage and culture => loss of connectedness to environment and wisdom, families, but 
communities of recent arrivals still retain their family culture (e.g. Europeans, Asians). 
3. Increased necessity to adapt to different environments.  
4. Increase reliance on the built environment.  
5. Increase in global warming 
6. Decrease in biodiversity 
7. Increase in frequency of natural disasters (some question here but) increase in intensity and impact.  
8. Increase in waste. 
9. Increase in breakdown of natural ecosystem, loss of natural processes.  
10. Increasing contamination of natural systems.  
11. Increasing shift to conservation (e.g. water in Victoria).    
12. Increasing benefits attributed to nuclear energy (change from Black and White views of greenies to 
relative arguments, e.g. compared to use of fossil fuels).  
13. Shift to alternative energy sources, not systematic, on an individual basis.  
14. Increasing sophistication in arguments about sustainability.  
15. Limited natural resources.  
16. Increasing use of these limited natural resources.  
17. General increase in energy consumption globally.  
18. Consumer demands ‘the latest’.  
19. Developers aren’t interested in biodiversity and what’s there.  
20. Debate over terminology.  
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21. Improvements are small and incremental.  
22. Replacing morality with management (e.g. EMS therefore it is OK).  
23. Increase in problems Decrease in solutions.  
Group 2: Health, Food, Population 
1. Increasing allergies and food intolerance.  
2. More complex chemicals in food and food production, and pharmaceuticals (Mercury in fish, 
preservatives).  
3. More awareness of food allergies and diet (we may now be recognizing allergies because of this etc).  
4. Increase in health and medical supply (Aid).  
5. Increase in AIDS and other pandemics.  
6. Increasing number and scope of NGOs (fragmentation).  
7. Lack of commonality between NGOs (competing for resources).  
8. Decrease in Western populations.  
9. Increase in populations of developing nations.  
10. Increase in lifespan in Western societies, variations in other countries (increase in obesity and 
inactivity may change this trend).  
11. Increasingly overwhelmed by problem – “What can I do?”. 
Group 3: Production, Products, Productivity 
1. Massive increase in efficiency and productivity of industrial production (some questions here re 
decrease in farming productivity re transport losses).  
2. Increase in legislation and policy towards sustainability (e.g. 6 star rating scheme for new houses, and 
for products).  
3. Increase in use of aim for best practice.  
4. Commodification and superficiality in “New Age” philosophy. An ontological safety blanket for those 
who have given up. 
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Group 4: Markets, the Economy, Competition 
1. Competition is the over-riding theme of markets.  
2. Economic market is dominating.  
3. Increasing cultural impact of the dominant economic market.  
4. Increasing concern about economic security (driving a whole lot of things).  
5. Everything tends to be economically driven, including education and business.  
6. Increase in economic development of the third world.  
7. Decreased civil society and increased penetration by market logic.  
8. Dominance of US Marketing. Viewed as a natural consensus.  
9. Move from Collectivism to Individualism comes with move to free market.  
10. Increased aggression accentuated. Aggressive = Good. Translates into “Get the $” and “beat the 
others”. Increasingly aggressive individuals too. A good university is the one that grabs market share. 
BUT the successful “Aggressive University” is mythical, because decreased transparency means we 
don’t really know how any specific University is performing.  
11. Decreased autonomy of many fields (e.g. economy eroding integrity of Academic field,  in medicine 
insurance is structuring the way things are run and what can be done (e.g. “saving the ……..”)).  
12. The overarching trend is increased complexity. e.g. economic system requires growth, but how does a 
University cope with the complexity of growth - People withdraw into a small, safe, place.  
13. If you analyse the relationship between the 2 categories, within the dichotomous logic,  immanent 
contradiction is possible. Our group should be interested in things that neo-liberals pre-suppose, but 
deny (e.g. like birth, like we need knowledge for the knowledge economy, but privatising it, stifles it). 
Ideas are co-opted into “processable form”. We need to identify those pre-conditions necessary for the 
system, but which it denies. This will give us leverage. What is the relation of the project to society as 
a whole. “Enrol the bastards”.  
Group 5: Technology 
1. Increased use of technology in our lives.  
2. Shorter life-spans of products. 
3. Development cycles getting shorter and shorter 
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Group 6: Working, Unions, Management, Wages 
1. Lessening power of the unions.  
2. People leaving traditional institutions of resistance (e.g. Unions, Associations) and some see “no 
alternative”. Some going into non-aligned, quasi-anarchic protest style groups. Contraction of 
democracy.  
3. Increased working hours, decreased pay, decreased certainty re future of jobs and work, increased 
part-time.  
4. Socialist parties shifting to the right - decreased hope for change.  
5. While academics, librarians have been de-professionalised, management is increasingly 
professionalised.  
6. Decreased accountability BUT increased accounting or “performance measurement”. The 
“accounting pyramid” - increased accountability at the bottom, decreased accountability at the 
top.Spend increasing proportion of time “accounting”, and decreased time “doing”. Also applies in 
nursing – and, work in general.  
7. Increased hiring from overseas (e.g. psychologists). 
Group 7: Bureaucracy, Red-Tape, Professions 
1. Increase in bureaucracy and administration to support the bureaucracy.  
2. Some examples of ‘more’ sustainable systems (e.g. 3rd pipe systems, transport system in Perth, 
merging bureaucracies in Victorian government – Sustainability Victoria).  
3. More red tape.  
4. Relationship between admin and policy making. Admin winning in Universities, policy (ie senior 
advisors) winning in Canberra.  
5. Some professions are in need of preservation (eg Librarians are not the same as “Information System 
Advisors”). Administrators have become “managers”.  
Group 8: Globalisation, Corporations, Business 
1. Increased globalization of markets and resources.  
2. Increasing transnational corporations and global supply chains.  
3. Increasing Globalisation.  
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− Is ambiguous in itself (eg puts focus on training for global competition at the same time as 
funding for such training is decreased).  
− The micro has become less important, and even the Nation State is weakened.  
− Is directly affecting funding - increases stress on economic competitiveness.  
− Increased overseas students.  
4. In practice, everyone who discusses alternatives has to think about finding other (Non-Government) 
sources of financial resources (eg Corporates, Cooperatives) and this is seen as “surrender” by some. 
Group 9: Privatisation, Intellectual Property, Knowledge, Individual 
1. Increasing Intellectual Property and patenting of biological resources.  
2. Increasing change in knowledge base required.  
3. Increased secrecy as a consequence of increased privatisation of knowledge, and decreased 
transparency of decision-making.  
4. Decreased esteem for the intellectual i.e. the “chattering classes”, Knowledge is OK if it has a $ value 
– ie. Embryo research described as “Balance between economy and ethics” Intellectual issues 
downgraded, “Academic” as a pejorative description.  
5. Increased private credit, decreased public debt. 
Group 10: Social Changes, Community, Family, Public 
1. Community is risk and responsibility averse.  
2. Community more focused on short-term smaller items. ‘How is it going to fix my life right now?’ 
‘What’s in it for me?’ rather than what could be, has to be easy and visible.  
3. Decreased tolerance of difference (e.g. governments, reactive, status quo).  
4. Yearning to be part of the ‘idea’ of sustainability.  
5. Not knowing what to ‘do’ with sustainability – implementation gaps.  
6. Community is emotively driven.  
7. Community is financially driven (Values don’t match actions). Loss of what people (children, adults, 
society) can do creatively (TV, movies, Xbox etc as substitutes for creativity – noted value judgement 
here).  
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8. Loss of sense of place.  
9. Loss of imagination (kids, adults, society).  
10. High expectations of children at a young age by parents, schools, everywhere.  
11. Kids need to deal with a lot of pressure.  
12. Increasingly mobile society (cars, trains, airplanes). As a result lots of traffic in cities.  
13. Increasing movement between jobs, different cities, different countries.  
14. Increased flexibility in work.  
15. Fragmentation of people’s lives.  
16. Trend to move to the inner city, sea-changers, tree-changers.  
17. More time at work, less time for family.  
18. Decrease in the number of people per household.  
19. Increasing focus on the individual, self-centred (focus on our own life before thinking about others e.g. 
children).  
20. Increasingly asking the question ‘Do I want to bring children into the world?’.  
21. Increased homogeneity.  
− Cars.  
− Hamburgers (Fast Foods).  
− Education.  
− IT Systems 
22. Increased ‘trendiness’ of the ‘latest’ in cars, fashion, etc.  
23. Increase in disposable income.  
24. Increasing fear of something different.  
− unseen war 
− xenophobia 
25. Increasing social awareness.  
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26. Increasing disengagement – distractions.  
27. Decreasing optimism.  
28. Increasing depression (not clear that this is true, may be that we are more aware of mental illness 
means we recognize it).  
29. More aware of mental illness. 
30. Seller beware (e.g. $10 Million public liability; $2 Million private liability) rather than buyer beware 
(but maybe both are acting?).  
31. Use of policy to reinforce the status quo e.g. cars versus public transport.  
32. Urban sprawl makes us reliant on cars (little or no public transport).  
33. New developments, lack of community, expected to form, lack of infrastructure and parks.  
34. Decrease in the public purse and the notion of “public goods” disappearing, increasingly being 
replaced by “private goods”. E.g. Public funding of Australian Universities: 
97% public   2002 48% public 
35. Shifting class structure. Effects ability to mobilise industrially. Increasingly, labour is in third world, 
design is here.  
36. Ageing of society – “University of the Third Age” What would it be like if we put kids first? 
37. Paradox – Fight to maintain access via public commons, but some groups (eg indigenous societies) 
need to protect their cultural heritage/knowledge from penetration.  
38. The “free” market, and “business” are seen as embodying desirable values BUT there is a dramatic 
contrast with reality (eg. Enron). New public sector and education budget rules enable increasing 
secrecy re how $ are spent.  
39. Managers use decreasing access to the public purse to justify their behaviour.  
40. Therefore, any critique is seen as resistance – “it’s your problem”, “She’s a difficult woman”, “young 
and naïve”. Coupled with accusations of “resistance to change” – this mindset ignores values (they 
are no longer cultural capital).  
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Group 11: Government, Politics, Taxation 
1. Governments have less control.  
2. Increasingly conservative government (all levels of government, global market, general).  
3. Increasing awareness of Western societies providing aid (mainly by individuals, NGOs, while 
government aid is decreasing).  
4. Increasing partnerships between community, business and governments.  
5. Corporations are increasingly having more power than governments and individuals.  
6. Short electoral cycle means politicians are looking to be re-elected.  
7. Increasing political corruptness, not facing the issues.  
8. Lobby groups influencing policy.  
9. Business influencing policy.  
10. Taxation – related to funding issues, global context forcing it back onto industry. 
Group 12: Media, Internet, Advertising, Communication 
1. Public can be reactionary in response to media (e.g. all chicken is bad).  
2. Increase in the amount of media, controlled by small group of people.  
3. Increase in power of the media.  
4. Internet is less controlled, regulated, power in more hands, dissemination, not directly tied to money, 
payment model is different.  
5. Search engine influence, bring up sites that are funded.  
6. Usage of Internet to engage people (e.g. anti WTO).  
7. Increased advertising “in your face”.  
− everywhere.  
− more of it.  
8. Data is freely available – virtually free.  
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9. Decreased memory (1984) eg media identify “great managers” but their companies are now bust. 
Group 13: Education, Research 
1. Everything tends to be economically driven, including education and business.  
2. Commodification of education.  
3. New public sector and education budget rules enable increasing secrecy re how $ are spent.  
4. Heavy discouragement of “deep research” with Long-time period. Short-term, specific payback is 
encouraged.  
5. Students are increasing, staff decreasing – less time for research. Increasing difficulty for students to 
support studies. Increased HECS, decreased scholarships, GST on HECS, Austudy less than 
Unemployment Benefit.  
6. Strategy to develop research culture: you buy the individuals and they have to be obedient and 
accepting of change, or someone will “Whip them into shape”.  
7. Decreased Postgraduate students who want to get back into Universities and decreased number who 
can. No future unless it’s an industry friendly discipline (e.g. Physics).  
8. University wants employees not academics.  
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3. Likely Futures (if we don’t manage things) 
Group 1 - Where will we be by 2009? 
• Blade Runner 
• Built capital rising, Social capital falling, Natural environment falling 
• Everything will be privatized (almost) 
• Polarisation of wealth will continue, gap between rich and poor will grow 
• Personal debt will increase – decreasing sustainability of interest 
• More transient careers and lives 
• More independents in government 
• Internet and pay TV more available and cheap, More viral ads 
• Increase in variety and healthier alternatives in food, Increasingly eating out more, café lifestyle, More 
organic and biodynamic food stores; Fresh produce will become more expensive 
• Increasing outsourcing of personal services i.e. gardens 
• Pandemic (bird flu/AIDS) decreasing population 
• Less live sport on TV; Increasing reality TV – less creative programs; Less Eddie on TV 
• Less affordable housing; Increasing rental prices 
• Increasing self-managed super funding and investing in share market 
• More extreme weather 
− hotter in Melbourne summer 
− increase bushfires 
• NGOs will begin to collaborate 
• China and India will be main manufacturing economies and consumer of resources 
• George Bush will be gone 
• Improved working conditions in developing countries through multinationals 
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• More genetic engineering 
• Environmental career opportunities will increase and will be more valued – growth sector 
• Less meat-eaters – due to poor perceived and real meat options (i.e. bird flu, foot and mouth etc) 
• Bio-diesel will be more available; Improvements in solar technologies and other alternative 
technologies; More nuclear power stations 
• Less waste – more recycling 
• Will continue to export raw materials and import refined materials; Oil will be more expensive 
• Increase in radical element 
• Increase in levels of awareness around sustainability 
• Corporate Social Responsibility will be market driver; More innovation in business 
• Sustainable Business Design will be more prominent – will move into other forms of development 
• Easy and cheaper to be green – more mainstream; Early majority will follow early adopters 
• More dependent on technology – allowing more flexible working arrangements, more family friendly 
options, more choices, work from home and contact with traditional community 
• Corporatisation of schools 
• Less biodiversity; Less healthy because of air and water pollution and contaminated food 
• Increased obesity; Increased RSI 
Group 2 - By 2009 
• If a number of trends converge there could be need for desperate responses, enough to overcome the 
status quo of conservative government (Federal/State/Local and both sides of politics) which sees that 
there is no underlying driver for change.  
• For example 
− If we had extreme temperatures – continuation of prolonged drought, or a terrorist attack on our 
water supplies, or we stopped restrictions and education program and people reverted to old ways 
- this would effect our water supply – (potential solution is use of storm-water – new issues) 
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− At the same time we had a hot summer, a blackout of energy due to old plant not coping and shut-
down or fuel prices go up due to terrorist action (say 3 times the price) – (potential solution push 
for alternative transport – new issues) 
• In this scenario  
− Could affect food and farmers and the long-term sustainability of food production and supply. 
− Impact on health and disease 
− Polarisation between proactive government bodies (Sustainability Victoria, water companies) and 
Government 
− People will look for alternative solutions (e.g. new governments, technology etc) 
A CRISIS may occur which could be a good thing to drive change 
− Globalization – and the readily available movement between markets (trade barriers are reduced) 
− Shift in the location of manufacturing 
− Grow more food as much and as quickly as we can 
− Lose connection between who grows it and markets 
− Workplace mobility – decentralization and international education / training and retraining of 
workforces 
− Greater choice and range of products 
− Increase in natural disasters – more extremes of weather – more refugees, increased water levels, 
more problems for farmers and food (e.g. lack of water, may drive farmers to stop growing some 
water intensive crops e.g. rice), increase in disease 
− Corporate decisions to move the automotive industry off-shore (GM, Mitsubishi etc) or the food 
industry offshore because of the compliance costs here 
− To India or China for lowest cost (lowest compliance costs), then get increase in Western style 
trends e.g. energy intensive lifestyles, individual, materialistic will affect employment and social 
issues 
− In the big scheme of things there is a cost either way to keep industry here or to send it off-shore. 
4. Desirable and feasible future (in 3 years if we use the PPS as a vehicle) 
• Engaging others through organic networks, for information sharing, capacity building, sharing 
resources, changing mindsets 
• Government, 3 tiers as well as internationally, UN (e.g. UNEP) 
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• Education 
• Private industry 
• Other sustainability practitioners 
• Other cultures 
• Universities (3rd party mediator – to get them to talk to each other and access money) 
• Knowing the direction, the goal, the vision – providing hope. And break up into pieces that can be 
achieved – targets (some questions around this) 
• Meaningful indicators 
• Things that individuals can do 
• Engaging the next generation + parents + others 
• Inspire others (including networks) 
• Bringing existing programs to fruition (e.g. Sustainable Schools) 
• What will we stand for? Some thoughts about Sustainable Practice 
− Leadership 
− Harnessing the passion in the community (long-term goals) (crisis brings this) 
− Without compromise, quality of life to lowest possible environmental impact 
− An equilibrium at a holistic level 
− Minimising the damage to natural resources, best solutions in the longer term, in the ‘best’ 
direction 
− Within the system (i.e. Gaia), the variables over which we have control don’t cause detriment to 
the system 
− Influence in other systems (if at a lower level than Gaia) 
− Effectively communicating, communicating at all levels  
− Building Trust 
− Transparency 
− Talking about what you have done, not only what you are going to do 
− Decentralised input (e.g. Wikipedia, dams/rain-water tanks). People come up with ideas from the 
bottom vs government direction. Ownership and empowerment at the local level. Combination, 
supplementation to centralized stuff. 
− Sustainability Victoria as a potential alliance – facilitating practitioners 
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− Creating partnerships 
− Solid foundation of information/resource base  
− Shared for free 
− Confidentiality? 
− Distribution of information – show how to do this, different variations for different audiences 
− Broker – hub – advisory 
− Ongoing beyond three years – what does this mean? 
− Academic – bigger picture 
− Provide food for thought – maintain independence 
− Top 5 points (e.g. water, energy etc)  
6. Values – Which are Adaptive Within Our Shared Environment 
(i.e. values which should prove adaptive for any institution trying to innovate) 
1. Product differentiation – especially when aimed at suppressed demand amongst the many sidelined 
minorities that the current regime has engendered. 
2. Process differentiation – the process of developing an alternative should reflect an alternative set of values. 
3. In the context of differentiation – real quality, innovation, creativity and excellence. 
4. Heterogeneity – recognise heterogeneous markets/niches. The overt ‘need’ may be unrelated to the 
eventual outcome. Highlights the difference between planning for expressed needs, and planning to satisfy 
longer term outcomes which then identifies pre-requisites (e.g. in Spain a need for a housing collective led 
to the development of an alternative university. 
5. Smallness – symbiotic, parasitic, exploiting the language game.  
6. The ‘Slow Food’ university. The slow life of the mind. 
7. Contextually relevant (e.g. like the Spanish example given above) 
8. Continuity, maintenance of culture and character. 
9. Growth which is sustainable, based on sufficient diversity to survive. 
10. Grounded in a community. 
11. An emancipatory experience. There are huge numbers of ‘losers’ in the present system and some of the 
best theory is coming from ‘the wretched of the earth’. 
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12. Energy, Vision, Passion to get access to resources, Inspiration. 
13. Customisation, individualisation, personalisation. 
14. Sensible use of technology. 
Values Specifically Associated with Universities 
1. Autonomy (self management) 
2. Transparency 
3. Face to face contact 
4. Democracy 
5. Relevant to society, Socially Engaged (also see discussion below, on ‘truth’), Meaningful. 
6. Professional, professions, standards, Academic Integrity, Scholarly Principles, Rigorous  
7. Civilising 
8. Just 
9. Collegiate 
10. Dialogue and exchange, Critical, Inquiry, Dispassionate – or, is it we have to be passionate about a field of 
inquiry in order to be dispassionate about our analysis? 
11. Diversity, Free speech, Respect for adversaries and valuing difference. 
12. A Chorus (as in the Greek Chorus) 
13. Unity 
14. Pursuit of the truth – we have relativised, contextual definition of the truth, on the one hand (expressed as 
adaptive values) and absolutist, modernist truth, on the other (as in “the search for truth”). Goals should be: 
15. Provide Truth 
16. Facilitate truth 
17. Co-researchers to find the truth 
18. However, it cannot be all ‘co-learning’. First year students require you to use your authority to 
communicate what you know that they don’t know. 
19. Privilege Open Inquiry. 
20. Anti-organisational strategies are called for by our shared environment – there is a need to be subversive.  
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APPENDIX B: My/Our Papers 
 
1. Views of the world and appropriate ways of knowing and being in this world. 
(Goricanec, 2007) 
2. Thoughts about sustainability and appropriate technology in relation to the nature of 
learning required to affect the desired outcomes, for the whole of which water is a part. 
We use a particular case of farming in Australia, where water is a critical component of 
the sustainability predicament in which we find ourselves. The history of the innovation 
is tracked and the last stage of ‘mainstreaming’ this is recognised as the most difficult 
(Goricanec & Hiley, 2006).  
3. Considerations of the types of shifts that might be required in engineering and 
engineering education for the 21C to ensure sustainable futures. This includes 
considerations of the nature of the predicament, new metaphors for engineering, 
innovative methods (Goricanec & Young, 2003).  
4. A sequence of two papers with an Alternative Tertiary Education Theme. The first 
discusses the role of managerialism and provides approaches to overcome the 
maladaptations associated with it. It recommends processes for establishing an alternative 
tertiary education provider, as well as modifying the environment within which an 
alternative tertiary education provider might exist (Young & Goricanec, 2001). The 
second paper charts the establishment of an alternative education provider and the 
difficulty that the participants have with implementing the recommended processes 
(Young & Goricanec, 2003).  
5. Experiences in designing, developing and delivering a new postgraduate program in 
sustainable practice within an existing university. It includes the development of 
capabilities, embedding these in the program design, designing to achieve the 
development of these capabilities, considerations of assessment (Goricanec et al, 2006).  
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APPENDIX C: Examples of maladaptive responses 
Table 8: Examples of maladaptive responses in Australia. 
Maladaptive responses to El Niño Southern Oscillation, climate change and the dynamics of 
the 21C in Australia in three parts, next three pages: 
(a) Systems Depth 
(b) System Progression 
(c) Lateral Co-ordination or System Breadth  
In all three parts media as cited. Those examples marked # in the table are based on the 
Future Eaters by Flannery. Those marked * are based on our papers. 
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Focus of 
Pathology 
First Order Maladaptive Second Order 
Maladaptive 
Superficiality (Passive) 
e.g. “It’s getting hotter” – we need air-conditioners in 
houses, businesses, schools, cars and trucks #;  
Allowing the market to decide whether we bring 
highly water-intensive industries to a continent 
getting drier – cotton and rice farming, golf courses, 
the wool cleaning industry;  drought relief is provided 
to all farmers whether their farms are viable or not 
(Archer 2007);  “Peak Oil is coming” – rather than 
getting used to reduced resource availability and 
dependence – grow crops to be burnt in vehicles 
(Savinor 2007). 
 
 
 
 
 
 
 
 
 
(a) 
System 
Depth 
(L21 or 
environment 
→ system 
relationships) 
Synoptic Idealism (Active) 
e.g. “It’s getting drier” – Improved performance = 
measuring and reporting the reduction of water use in 
homes in suburbia despite that somewhere between 
70-80% of water is used outside suburbia and of the 
20-30% in suburbia the largest proportion is used by 
business and industry (Watermark Australia 2005);  
Australia’s population ages but there is also the need 
for growing economy: population growth, through 
skilled labour (AG 2001a; workpermit.com 2008); 
State Governments’ performance = population 
increase (ABS, 2006); previous Federal Government 
using public funds (baby bonus) to encourage people 
to have more children (ATO 2008; Costello 2007); 
High levels of debt are good – both individual and 
National (Keen 2007); Australia should become “part 
of Asia” without consideration for differences in 
culture or ecology #. By only looking at the need to 
continue to meet the growing demand for energy we 
get ideas like the nuclear option - analysis of nuclear 
energy on its own from an economic perspective 
rather whole energy problem, including where best to 
place the nuclear processing industry and where does 
the waste go?; sell more Uranium => more Uranium 
mines #; carbon tax - analysis from an Australian 
business and national economic perspective (Garnaut 
2008). 
Monothematic 
Dogmatism 
e.g. Neo-liberal 
dogma, wedded to 
the so-called 
knowledge 
economy, applied 
to everything –  
“The market is the 
answer”… to 
everything 
(including 
education and 
health); “The 
bottom line is …”; 
“The answer is that 
all professionals 
(including teachers 
and medicos) must 
become more 
business-like”* 
“You are either 
with us or against 
us” (George Bush 
regarding the war 
on terror); 
Australian values 
(AG 2007); The 
technological fix – 
technology will fix 
everything, so we 
just wait around for 
the solutions to 
arrive (President 
George W. Bush 
2004). 
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Focus of 
Pathology 
First Order Maladaptive Second Order 
Maladaptive 
 
Segmentation (Passive) 
e.g. State governments competing with each 
other for population growth, for business, and 
for large events (IBIS 2008); Allowing hugely 
increased pay/bonuses of business and 
political “leaders” while tightening control of 
“basic wage” (ASU 2007; Cook 1999); 
privatisation of energy service providers set-
up to compete against each other (each trying 
to sell more electricity and gas) and 
separation from energy production; separation 
of roads (VicRoads) from transport portfolio 
– developed a culture of controlling the 
agenda – more and  better’ roads; separation 
of water catchment and water service 
delivery, separation of rural and urban water 
supply, each focusing on their own separately 
developed targets. 
(b) 
System 
Progression 
(L12 or 
system → 
environment 
relationships) 
 
Authoritarianism (Active) 
e.g. “It’s my way or the highway”; use of 
increased surveillance and psychometrics; 
“everything goes through me”; “just get with 
the program”; taxation and banking practices 
as applied to rural areas; universities – 
research with business, teaching for a job; the 
holy grail of the high ENTER score; running 
down public provision of health, education 
and transport in favour of a private provider 
model; encouraging changes to the industrial 
relations system to depress wages and boost 
profits; Commonwealth government 
badgering the states to invest in infrastructure 
to allow increased exports of low-value 
commodities. 
Federal government has responded to the 
argument between governments by 
centralisation to regain control (e.g. wages 
and the Murray River) 
 
Stalemate 
e.g. Ignorance of the past 
dooms each new wave of 
immigrants to the “new” 
lands to be future eaters. 
(no education of young 
people of Australian 
history) # 
Economic rationalism and 
globalisation Nothing has 
happened in 20 years to 
reorganise the complex 
regulations and policies 
from federal, states, and 
local governments as well 
as private organisations in 
areas such as water, 
environment, energy, 
biodiversity, agriculture, 
aquaculture, fishing etc. 
Exporting low value 
commodities and 
importing high-value 
goods and services, letting 
manufacturing go off-
shore.  
Governments – 
environmental legislation 
complex, Federal, State, 
Local plus assorted 
authorities operate 
independently 
Governments - whatever 
the issue is always say it is 
the other’s fault – federal 
blames states and vice 
versa.  
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Focus of 
Pathology 
First Order Maladaptive Second Order 
Maladaptive 
 
Dissociation (Passive) 
e.g. Those elements of Australian biota and 
landscape that can be pillaged by whatever 
means – fisheries, feral animals, occupied 
arable lands and mineral resources including 
oil, water, and forests – are; Excessive 
consumption of – energy-intensive 
(transported long distances – out of season) 
and water-intensive foods, alcohol – binge 
drinking, acceptance of drunks, addictions to 
alcohol; Excessive gambling, shopping, 
smoking; Excessive houses with little thought 
for impacts – “McMansions” on small blocks 
with air-conditioning, water-intensive 
gardens, swimming pools in estates on the 
edge – no or little public transport, or other 
infrastructure, spreading cities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) 
Lateral 
coordination 
(Breadth) of 
the System  
(L11 or 
system → 
system 
relationships) 
 
Evangelicism (Active) 
e.g. Those elements of Australian biota and 
landscape which, whether they need it or not, 
are rigorously protected from any human 
interference – national parks, most indigenous 
vertebrate species and rainforests…The 
acceptance that whales, kangaroos and certain 
environments such as rainforests are 
inviolable “holy cows” prevents us from 
utilizing our few renewable resources in  the 
least destructive way #; Water – more dams 
will help solve our water problems, 
desalination, pipelines to bring water from 
other areas that have more, are the answer. 
 
 
Polarisation 
e.g. ‘The present argument 
about mining in Australia 
is concerned almost solely 
about where and whether 
mining should occur… 
remarkably, no-one 
presently seems concerned 
about the utilization of our 
one-off mineral wealth’ 
(Flannery 1994);  
 
The demand-side argument 
put by the Kyoto protocol 
proponents, that you must 
manage demand versus the 
supply-side argument put 
by non-Kyoto protocol 
proponents that there is 
demand for energy and 
lifestyle and that we must 
meet it; 
  
 
“I am a climate change 
realist” John Howard 
former Australian Prime 
Minister 
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APPENDIX D: ‘One-world surrounded by issues’ poster 
image reference list 
All images found using Google Images search on keyword. ACCESSED 25th July 2005 
Blue Planet <http://www.blueplanetbiomes.org/images/apollo17_earth.gif2.gif> Copyright 
NASA. 
Tsunami 
<http://news.bbc.co.uk/media/images/40666000/jpg/_40666071_apsrilanka300.jpg> 
Drought <http://www.the-human-race.com/images/environment/drought.jpg> 
Nuclear Power Station 
<http://www.tiscali.co.uk/reference/encyclopaedia/hutchinson/images/4717n043.jpg> 
Coal-fired Power Station <http://www.york.ac.uk/inst/sei/dust/powers.jpg> 
Coal mining <http://www.jellinbah.com.au/mining.htm> 
Homeless <http://www.sublimephotography.co.uk/people/peoplebig/homeless.jpg> 
Wind farms 
<http://www.sw-scotland-screen.com/locations/industry/images/windfarms2.jpg> 
Famine <http://www.movinghere.org.uk/gallery/hardship/images/famine.jpg> 
Landfill <http://www.nowaste.act.gov.au/styles/muggalanelandfillimage.JPG> 
Waste <http://www.kagisotrust.com/images/waste.jpg> 
Water pollution  
<http://www.paneco.ch/Galerie/Bilder/Projekte/Indonesien/02Abfall400x265.jpg> 
Factories <http://www.utexas.edu/depts/grg/adams/305/economic/factories.jpg> 
Offices <http://www.andolin.com/images/offices/office-new-york-new_h415.jpg> 
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Housing Estates China 
<http://www.wei-china.privat.t-online.de/media/China~2003~099.jpg> 
Chicken Houses <http://www.radiantbarrier.com/images/Chicken-Houses.jpg> 
Climate Change (drought) 
<http://www.environment-agency.gov.uk/commondata/figurethumbnails/drought.jpg> 
Climate Change (Flooded neighbourhood) 
<http://www.foe.co.uk/campaigns/climate/images/stevenage_flooded.jpg> 
Coral bleaching <http://www.reefpix.org/albums/album62/DSCN1595.jpg> 
Overpopulation <http://www.iucn.org/bil/photos/optimized/overpop.jpg> 
Electronic waste  
<http://www.ewaste.ch/services/news/cached/japan_accused_of_dumping_ewaste_in_china
_files/8312_data/8312.jpg> 
Obesity <http://www.aerobics.cz/gallery/original/10.story.Obesity.jpg> 
Junk food <http://www.nature.com/news/2004/041025/images/fatfood.jpg> 
Cars roads <http://news.bbc.co.uk/olmedia/790000/images/_791358_cars300.jpg> 
Traffic congestion <http://www.ornl.gov/info/ornlreview/v33_3_00/p4.jpg> 
Slums <http://www.bized.ac.uk/images/slums.jpg> 
Drug addicts 
<http://www.pcpafg.org/Organizations/undcp/UNDCP_images/drug%20addicts.gif> 
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EndNotes 
 
                                                 
1
 This Image by MC Escher July 1953 found at www.meridian.net.au/Art/Artists/MCEscher/Gallery/. 
2
 This Image found at http://www.universalworkshop.com/redliongallery/pages/mazes.htm, by Guy Ottewell 
2007, Red Lion Gallery, was found with the following text: ‘Daedalus flying free from the labyrinth he had 
made for King Minos and in which he was imprisoned. Sketch made for a newsletter advertising an Amnesty 
International party to be held in the garden (with a treasure-hunt through the maze).’ 
3
 Don Beck, author of Spiral Dynamics in an email communication. 
4
 I use framing rather than framework and spine. Framing is an active word, a verb and is linked to life. This 
then links to my preference for spine as these have this same sense of being alive and spine even more so exists 
within a living animal.  
5
 I considered using the word dissertation to describe this work rather than thesis, as in this writing I am 
circumscribing and joining the dots, or connecting – therefore – dissertation, which means discourse or give an 
exposition and is from serere meaning to join. On the other hand dissertation means taking apart and putting 
back together again, which is definitely not what I see this as being about. Thesis though is a proposition to be 
maintained, this word is from thesis putting, placing; a proposition etc, from the- root of tithemi place (OED). 
Thesis suggests a fixed-ness, whereas I am writing around and joining ideas in active ongoing practice (via 
searching, abduction, emergence and action research methods). Neither of these words describes this work 
accurately but I will use the word thesis for its link to the idea of proposition. 
6
 As one of the examiners, Caroline Baillie comments, in recommending Passed subject to specific 
amendment, it is ‘the coming together (of the pieces) modelling the very nature of that which the candidate 
suggest needs to be done’.  
7
 Included here are non-linear dynamical systems such as meteorology and chaos theory, through the work of 
people like Lorenz (1963, pp.130-141). 
8
 Comments of this type were made by the examiners e.g. that ‘in seeking so many different and varied ways of 
thinking, the bringing together of these ideas’, ‘presenting them reflected the nature of knowing that is unique’.  
9
 It should be noted that outside engineering most people can ‘get’ adding number (fixed) but there are 
relatively few that ‘get’ calculus and its function of working with rates of change and use it routinely. Make 
some connection here to Robin’s paper – not clear what I meant here – yet! 
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10
 I use re-present rather than represent as preference is given to describing, portraying a likeness of, rather 
than, the more common usage which is more like filling the place of, being a substitute or deputy for (OED).  
11
 For more on Kanyini there is a book Songman by Bob Randall and a video of this name also presented these 
ideas (Kanyini, 2007). 
12
 ‘Confluent a. & n.: flowing together, uniting (of streams, roads, etc., & figuratively) 2. Stream flowing with 
another [f. L CON(fluere flux- flow) –ENT]’ (OED). 
13
 “Stuff” – I often describe this as a “technical” term – people are amused by the use of this language – this 
helps to “lighten” the mood when we are discussing quite complex and difficult concepts and experiences. 
14
 It is interesting to look at the PhD and Masters thesis titles in the Graduation Ceremony records of 
universities for evidence of this. 
15
 “Ontology is the part of philosophy concerned with what there is and what there could be”. (Law, 2004)  But 
for me this still doesn’t have a very active sense to it. I am trying to describe my way of being in relation to 
these difficult issues of our predicament. 
16
 Whitehead’s writing is dense and difficult to extract specific ideas. Other writers (Farleigh, Birch, 
Sherburne) have provided entry points to his ideas. 
17
 This approach of process philosophy is consistent with the approaches of eastern learning where action is 
highlighted prior to things (Nisbett, 2004). 
18
 “Thingy” like “stuff” I often describe as a “technical” term – as before it helps people to come to grips with 
some quite intangible ideas.  
19
 It is important to note here that these Search Conferences are not of the conventional conference type. In 
these many stakeholders (heterogeneity) are engaged in a structured inquiry. 
20
 “climate variability” is used to denote deviations of climate statistics over a given period of time from a 
longer period mean of the same variable. 
21
 The use of the word enhance in this context is interesting – I don’t believe that most people would describe 
increased climate variability as an enhancement of our weather. 
22
 Lindenmayer quote found at <http://www.crikey.com.au/Politics/20071128-Remaking-Australia-part-two-
David-Lindenmayer.html>. 
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23
 Baroque - highly developed, over-ornamented derived from definitions of Baroque for example: “The 
seventeenth-century period in Europe characterized in the visual arts by dramatic light and shade, turbulent 
composition, and exaggerated emotional expression.” The Art of Bas 2008, Baroque, <http://www.bas-
art.com/index.php?page=art_glossary>. 
24
 The fact that this trend penetrates all contexts, but is strongly resisted in some contexts (e.g. by senior 
management of many organisations), and the degree to which people will go to resist, are all indicators of its 
extreme potency. 
25
 Conference – consultation, (especially annual) meeting of any organisation, association, etc for consultation 
etc. [from French conference or mediaeval Latin conferentia CON ferre bring]; Confer – converse, take 
counsel (OED). 
26
 strategic monologue – thanks to Damon Young for this. 
27
 I chose not to go to Botswana as during the development of the paper I read ‘Ecology and Flexibility in 
Urban Civilization’ in Steps to an Ecology of Mind. Bateson says one of the most difficult sayings in the Bible 
is ‘God is not mocked’ and that this saying  
‘applies to the relationship between man and his ecology. It is of no use to plead that a particular sin 
of pollution or exploitation was only a little one or that it was unintentional or that it was committed 
with the best of intentions. Or that “If I hadn’t someone else would have”’ (1972a, p.512). 
The processes of ecology are not mocked. And I thought ‘oh bugger!’ I cannot fly again! Moreover, this 
realization has made my life extraordinarily difficult from then – I must take responsibility for my life, what I 
do and my ecology.  
28
 Clinamen – here the idea of relatedness that makes things swerve from their course is drawn upon. “In the 
atomism of Epicurus, the ‘swerve’ of atoms that is responsible for introducing indeterminacy into an otherwise 
deterministic system” (OUP).  
29
 This text is based on a conference paper (Young, and Goricanec, 2001).  
30
 Text is based on notes from search conferences (Appendix A). 
31
 This text is based on a conference paper on this program (Goricanec, Hadgraft, and Dorian 2006).  
32
 It is interesting to note that many university engineering faculties and departments have scientists of 
different sorts in academic roles.  It would be interesting to consider the effect of this on the way that 
engineering is taught (a great research project). 
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33
 These images have been chosen as they include people. 
